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CHAPTER  9 

TESTS  OP  RADIO  DIRECTION  FINDERS 
List  of  Designations  Appearing  in  Cyrillic 

kpH  ■  ■  scaling  factor 

B  ■  fair  ■  falrlead 
Bux  ■  out  ■  output 

N  ■  i  ■  (definition  undetermined) 

K  m  comp  ■  compensating 

MaKc  -  max  ■  maximum 

M  ■  load 

Nc  >  asym  •  asymmetric 
n  -  f  -  field  coll 
P,  p  ■  loop 

•  f d  ■  feeder 
s  ■  St  ■  standard 
B  ■  V  -  variometer 

rcc  •  SSO  -  standard  signal  generator 
3  ■  ground 

Preliminary  tests  of  radio  direction  finders  ai’:  performed  in  laboratories* 
final  ones  are  performed  in  real  operating  conditions  of  the  direction  finder. 

9,1.  Laboratory  Tests  of  Direction  Finders  with  a  Rotating  Loop 

Separate  parts  of  the  direction  finder  (the  loop*  varloaieters*  etc.)  require 
no  special  tests  other  than  normal  ones  —  measurement  of  inductance*  capacitance* 
resistance*  and  coupling  coefficient.  He  shall  not  dwell  here  on  methods  of 
measurement  of  these  magnitudes. 
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During  laboratory  teitlng  of  the  direction  finder  ai  a  whole  by  a  generator  of 


standard  signals  there  Is  requlredf  analogously  to  noraal  aeasureaent  of  reeolvers« 
use  of  an  equivalent  antenna,  A  peculiarity  of  the  given  case  Is  that  receiver- 
direction  finder  Is  fed  slaultaneously  from  two  imtennasi  a  loop  and  an  open 
antenna,  where  the  virtual  height  of  the  loop  changes  In  a  wide  range  with  change  of 
wavelength,  and  the  phase  of  the  emf  Induced  In  It  differs  by  90°  from  the  phase  of 
the  emf  In  the  antenna.  Furthermore,  ordinary  generators  of  standard  signals  have 
an  asymmetric  output  (one  pole  usually  Is  grounded).  Connection  of  output  terminals 
of  the  generator  to  the  loop  creates  a  symmetry  of  Its  circuit,  which  siay  not 
correspond  to  real  operating  conditions  of  the  loop. 

In  Fig.  9.1  there  Is  presented  the  circuit  of  the  equivalent  of  the  antenna  and 
the  loop,  considering  these  peculiarities.  Parameters  of  the  circuits  are  selected 

I  •* 

In  such  a  manner  that  L  2  L  2  ^0*  ^0  ~  of  the  loopi  L^,  C^, 

^falr  “  Inductance,  capacitance,  and  resistance  of  the  antenna  and  capacitance 
of  Its  falrlead.  Under  these  conditions  the  receiver  has  normal  load  both  from  the 
loop  and  from  the  antenna. 


Fig.  9.1.  Diagram  of  equlv< 
alent  of  antenna  and  loop. 


Then  we  select  R  »  cuL^i  then  the  current 
through  winding  with  sufficient  accuracy 
(with  error  of  1:^,  If  R  >  7<uLj)  can  be 
expressed 


where  E  —  output  voltage  of  generator. 

I  " 

The  emf  Induced  In  colls  L  2  2* 

will  be 


and  voltage  on  resistance  R^,  corresponding  to  the  emf  In  the  antenna.  Is  equal  to 

I  " 

Coupling  between  colls  and  L  2-L  ^  Is  made  variable  by  sine  law 
During  real  work  the  emf  In  the  frame  Is 


Eyv/EApSlnt, 

the  emf  In  the  antenna  Is 

£,-EA.. 


W«  equate  ®*ioop  "  *loop  oI  -  I,  where  a  -  fa'. nor,  whl-  h 

ooiivonloiitly  hl* ('ruml  i,"  »uiy  rotiiul  numli'.T  (1,  P, 
l‘’rom  thle  we  find 


Since  1®  proportional  to  frequency  hj^^^p 


^  .  -aUL,  th*  lu*  equality 
‘  j.lO’ 

le  realizable  In  the  whole  ranise  of  frequenclee.  Froa  it  we  find  after  which, 

given  a,  we  find  R.  The  reading  on  the  divider  dial  of  the  generator  of  etandard 
signals,  multiplied  by  a,  gives  field  strength  In  nlcrovolts/meter. 

By  this  circuit  we  can  perform  the  following  tests t 

1.  Determining  sensitivity  of  the  radio  direction  finder,  l.e.,  the  field 
strength  idilch  Is  required  to  ensure  possibility  of  direction  finding  with  error 
not  exceeding  a  given  value.  For  this,  there  is  determined  that  voltage  froa  the 
generator  of  standard  signals  at  which  bearing  is  read  with  the  given  accuracy.  From 
the  voltage  field  strength  Is  calculated. 

2.  Cheek  of  exactness  of  determination  of  direction.  Switching  on  the  direction 
finder,  we  find  field  strength  and  E^  in  two  positions,  corresponding  to  deter¬ 
mination  of  the  direction,  with  constant  output  voltage.  Depending  on  the  scheme 

for  determining  direction  these  positions  can  be  established  either  in  the  receiver 
Itself  by  turning  the  variometer,  switch,  and  so  forth,  or  by  turning  the  loop.  Zn 

the  last  case  in  the  test  circuit  turn  of  the  loop  is  replaced  by  turn  of  variometer 

t  "  E. 

L  g-L  2  corresponding  to  to  position  Relation  -g* 


characterizes  exactness  of  determination  of  direction. 

3.  Check  of  compensation  for  antenna  effects.  'Die  problem  is  to  determine  the 
relative  emf  of  the  antenna  effect  which  can  be  compensated.  It,  obviously.  Is  equal 
to  the  maximum  emf  created  by  the  compensator.  To  determine  this  valiw  we  determine 
field  strength  E^,  creating  normal  output  voltage  with  the  position  of  the  conpen- 

I  w 

sator,  corresponding  to  zero  emf  of  compensation.  Ihen  we  turn  variometer  L  g**^  g 

vintil  we  obtain  zero  emf  in  the  loop  circuit  and  the  place  compensator  in  the 

position,  giving  maximxan  compensation  emf.  Zn  this  position  we  again  determine  field 

strength  E  ,  giving  the  same  output  voltage.  Ratio  y  ■  ■  ■  gives  the  value  we 

*comp 

sought. 
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4*  Zt  if  poitlblt  to  chock  roMlninf  ohoroctorlotlei  of  tho  roetlvor 
(•oloetivityi  fldolity*  and  oo  forth). 

Tooting  by  tho  two-olgnal  aothod  !•  oeeoapllihod  with  two  oqulvolonts.  whoco 
Input!  oro  eonnoetod  to  two  conorotori*  ond  outputs  oro  parollol-connoetod. 
Roilstanooo  and  roaetancos  of  tho  oqulvalont  should  bo  doubled. 

Anothor  method  of  laboratory  testing  consists  of  placing  tho  loop  in  a  aagnetic 
fiold.  which  is  croated  by  currant  in  a  horisontal  roetilinear  wlro  (lino)  (Fig.  9.2). 

This  tost  should  bo  conductod  in  a  shioldod  ehaabor,  since  during  tests  with 
tho  loop  connected  (and  not  with  its  equiyalont.  as  in  tho  preceding  aothod)  external 
intorforoneos  hasqpor  tests  a  groat  deal.  At  a  certain  distance  d  froa  the  chamber 
coili)  I  ao  stretch  a  rectilinear  wire,  which  at  one  end  is  joined  by  a  shielded 
cable  to  tho  generator  of  standard  signals,  and  on  tho  other  through  resistance  R 
to  tho  aotal  wall  of  the  chaabor. 


Pig*  9*3*  Voltsge  divider. 

Pig*  9*2.  Measuring  line  for  Tho  purpose  of  resistance  R  is  to 

testing  a  direction  finder. 

provide  in  the  wire  a  traveling  wave  of 

current.  In  traveling  wave  conditions  current  in  wire.  and.  consequently,  magnetic 
field  strength  around  it  depends  little  on  frequency.  Magnetic  field  strength  in 
these  conditions  also  does  not  depend  strongly  on  shift  of  the  observation  point 
along  the  wire. 

Under  wire  there  is  placed  the  loop  direction  finder  being  tested.  With 
rotation  of  the  loop  the  minimum  emf  is  induced  in  it  at  the  time  when  its  plane 
is  perpendicular  to  the  wire. 

Magnetic  and  electrostatic  fields  of  a  rectilinear  wire  at  a  small  distance 
from  this  wire  do  not  have  *',8  siiiq>le  a  relationship  to  one  another  as  in  the  zone 
of  radiation.  Therefore,  use  of  the  open  antenna  of  a  direction  finder  in  its 
normal  position  can  lead  to  a  relationship  of  emf 's  induced  in  the  antenna  and  loop, 
absolutely  different  from  the  relationship  in  real  conditions.  For  testing  it  is 
necessary  to  use  as  the  antenna  a  special  section  of  rectilinear  conductor,  located 
in  parallels  to  the  test  line.  The  length  and  distance  of  this  conductor  from  the 
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lln*  will  be  lelected  In  euoh  a  way  aa  to  eniure  a  nomal  relatlonehlp  of  eaf '■  In 
the  antenna  and  loop.  For  feed  of  the  antenna  circuit  It  la  alao  poaalble  to  uae  a 
voltage  divider  (Pig. 

Plrat  of  all  It  la  neceaeary  to  aelect  auch  a  realntanee  R  that  In  the  line 
there  la  eatabllahed  a  traveling  wave.  Vave  impedance  of  a  alngle-wire  line  with 
diameter  2r  at  dlatance  d  from  the  conducting  plane  In  equal  to 

(9.1) 

By  thia  formula  there  can  be  found  the  approximate  value  of  realatance  Rap. 
Traveling  wave  conditions  in  the  line  are  verified  by  one  of  the  known  methods.  In 
this  case  it  la  convenient  to  use  the  fact  that  impedance  of  a  line,  loaded  on  wave 
Impedance,  is  equal  to  the  wave  lBq)edance.  Due  to  this,  connection  to  the  generator 
of  standard  signals  of  a  line,  loaded  on  resistance  R,  if  R  ■  p,  will  Influence  the 
generator  the  same  as  connection  of  the  actual  resistance  R  (will  cause  the  sasM 
decrease  of  its  output  current).  By  several  tests  it  is  possible  to  deflnltize 
magnitude  R,  initially  found  by  the  formula  (9*1) •  Traveling  wave  conditions  must 
be  verified  in  the  whole  range  of  frequencies  of  the  direction  finder. 

Line  calibration,  i.e.,  determination  of  the  field  strength  corresponding  to 
the  given  output  voltage  of  the  generator,  is  produced  by  a  comparator,  nie  antenna 
of  the  caeq>arator  shoxild  be  loop- type  and  of  approximately  the  same  dimensions  as 
the  loop  of  the  direction  finder. 

If  generator  voltage  is  U,  and  field  strength  is  E,  then  k^^  >  called  the 
scaling  factor,  determination  of  which  is  the  purpose  of  calibration. 

Calibration  should  be  performed  at  several  frequencies  within  the  frequency 
range  of  the  direction  finder.  Independence  of  the  scaling  factor  from  frequency 
is  confinsation  of  the  fact  that  in  the  line  there  have  been  established  traveling 
wave  conditions. 

I(  is  necessary  also  to  produce  calibration  for  different  distances  of  the 
center  of  the  loop  from  the  line. 

If  there  is  no  comparator,  calibration  can  be  produced  by  a  loop,  whose 
geometric  dimensions  are  known  exactly.  The  erf  on  terminals  of  the  loop  should  be 
measured  by  a  voltmeter  with  a  very  large  input  impedance.  As  such  voltmeter  we  use 
receiver  with  supply  of  voltage  to  the  cathode  grid  of  the  first  tube.  The  receiver 
is  calibrated  from  a  generator  of  standard  signals. 


IT 


Zf  MixiBUM  mif  In  the  loop  If  and  voltag*  from  th*  gonorator  If  U« 

(9.t) 

wharf  if  tha  calculatad  affactlva  halght  of  the  loop. 

For  aalaetlon  of  an  auxiliary  antenna  or  apaclflcatlona  of  tha  divider  feeding 
tha  antenna  circuit*  we  ahould  know  tha  affactlva  height  of  the  open  antenna  of  the 
direction  finder  h^. 

Tha  amf  Introduced  into  the  antenna  circuit  of  the  direction  finder  in  real 
conditiona  if  equal  to 

•  " 

When  teating  under  a  line  with  the  help  of  a  divider  this  emf  ia  equal  to 


From  thia  we  find 


(9.5) 


The  aum  of  capacitances  should  be  eqtial  to  the  capacitance  of  the  antenna 

C^.  Formula  (9.5)  gives  the  possibility  of  determining  and  C^t 


c;— c.(i-Mra)-  <9-^) 

Testing  under  a  line  permits  determining  the  same  parameters  of  a  direction 
finder  as  testing  with  the  help  of  an  equivalent  antenna.  Furthermore*  testing 
under  a  line  permits  checking  the  sharpness  of  minima  and  the  magnitude  of  errors 
depending  upon  frequency*  field  strength  and  other  factors. 

For  checking  selectivity  by  the  two-signal  method  there  is  stretched  a  second 
line*  perpendicular  to  the  first  and  fed  by  a  separate  generator.  Frequency  and 
field  strength  of  the  disturbing  radio  station  are  established  on  this  second 
generator. 

It  is  necessary  to  note  that  neither  the  first  nor  the  second  method  of 
laboratory  testing  corresponds  fully  to  real  conditions  of  work  and*  therefore*  they 
can  give  results*  differing  from  results  of  tests  in  operations^  conditions. 
Nonetheless*  laboratory  tests  are  very  desirable*  since  thanks  to  the  easy  of  shifting 
frequency*  change  of  amplitude  of  the  fed  voltage*  etc.*  tests  can  be  conducted  more 
widely  and  deeply  than  during  tests  on  real  work.  Here*  there  can  be  revealed  defects 
which  would  be  passed  over  during  performance  tests. 
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or  the  two  methods  deBcribed«  obviously,  the  second  corresponds  more  closely 
to  reel  conditions  of  work  of  the  direction  finder,  but  carrying  it  out  is  somewhat 
more  complicated  than  for  the  first. 

9.2,  Laboratory  Tests  of  Direction  Finders  of  a  Ooniometric  System 

Tests  of  Loops 

Besides  normal  checking  (determination  of  inductance,  self-capacitance,  damping, 
and  so  forth)  for  loops  of  goniometric  systems  it  is  very  important  to  check  the 
magnitude  of  mutual  Inductance  between  them.  Absence  of  mutual  inductance  simulta¬ 
neously  confirms  their  mutual  perpendicularity.  From  smallness  of  permissible 
magnitude  of  mutual  inductance  (permissible  coupling  coefficient  is  of  the  order  of 
0.;^-0.4^)  normal  bridge  and  resonance  methods  are  insufficiently  exact. 

A  measuring  circuit,  permitting  a  reading,  with  the  required  degree  of  accuracy, 
is  presented  in  Fig.  9.4.  B  is  a  variometer  with  very  small  inductances  of  windings 
(considerably  smaller  than  Inductance  of  loops),  but  with  a  fairly  strong  maximum 
coupling  between  them  (K  -  0,4  to  0.6),  "nie  high  coupling  coefficient  permits 

sufficiently  accurate  calibration  of  the  variometer. 

One  of  the  windings  of  the  variometer,  series-connected 
with  one  of  the  loops.  Is  fed  from  the  generator)  the 
other  winding  of  the  variometer  and  the  second  loop  are 
also  coupled  in  series  and  are  Joined  to  the  cathode 
grid  of  the  first  tube  of  the  receiver.  Audibility  on 
the  receiver  output  turns  into  zero  when  the  coefficient 
of  mutual  Inductance  of  the  variometer  is  selected  equal 
to  the  coefficient  of  mutual  Inductance  of  the  loops. 

The  generator  emd  receiver,  and  also  the  variometer  must  be  shielded,  and  all 
wiring  is  carried  out  in  such  a  way  as  to  exclude  spurious  couplings  between  circuits 
of  the  two  loops. 

Testing  of  the  Goniometer 

In  the  goniometer  all  its  electrical  parameters  —  inductances  and  distributed 
capacitances  of  all  colls  and  maximum  coupling  coefficient  between  each  of  the  field 
and  the  searcher  coils  —  are  to  be  checked.  It  is  necessary  also  to  check  the 
coefficient  of  mutual  inductance  between  the  two  field  coils,  ‘nils  measurement  can 
be  made  by  the  same  scheme  as  analogous  measurement  for  loops. 


Fig.  9.4.  Measuring 
circuit  of  small  mutxial 
Inductance. 
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Dit  Bott  iaportant  ttit  of  a  gonloattor  li  dttoralnatlon  of  tho  trror  curve. 
NtaeuroBont  of  orroa  can  bt  taken  at  hlfh  and  low  frequencies. 

For  checklnc  at  high  frequency  we  eootpare  the  tested  goniometer  with  a  standard 
one,  connecting  them  as  shown  In  Fig.  9«3«  Let  the  rotor  of  the  standard  goniometer 

turn  about  the  first  coll  of  the  stator  at  angle 
Assuming  that  the  standard  goniometer  Is 
absolutely  exact  we  can  present  the  emf's  induced 
stMiue  in  stator  colls  In  the  form 

SinlMtlcp  4intMM|*p 

£|H/ 

Fig.  9.5.  Comparison  of 
goniometer  with  a  standard 
one . 

where  —  maximum  mutual  Inductance; 

—  Impedance  of  rotor  of  standard  goniometer; 
E  ~  feed  voltage. 

Currents  In  stator  colls  will  be 

where  Z^^,  Z^^  and  Z^g  impedances  of  stator  colls  of  the  standard  and  investigated 
goniometers . 

Nonaally  Impedances  of  two  stator  colls  are  equal  to  one  another,  l.e.. 

If  the  searcher  of  the  tested  goniometer  Is  turned  an  angle  9^,  then  the  emf 
induced  In  It  will  be 

a— 

where  —  maximum  mutual  Inductance  between  field  and  searcher  colls  of  the  tested 
^  goniometer. 

This  emf  turns  Into  zero  when  6^  >  9^^  +  90°.  Thus,  setting  the  rotor  of  the 
standard  goniometer  at  some  angle  we  should  obtain  disappearance  of  audibility 

upon  setting  the  rotor  of  the  tested  gonlexneter  at  an  angle  9^^  -f  90°.  The  diffeience 
between  this  angle  and  the  angle  of  setting,  at  which  we  obtain  real  disappearance 
of  audibility,  directly  gives  error  of  the  goniometer.  In  an  analogous  way  we  can 
test  a  goniometer  with  three  or  four  field  colls. 

The  circuit  of  other  method  of  testing  at  high  frequency  Is  presented  in  Fig. 

9.6.  If  we  select  resistance  so  that  «  uiL^.,  where  —  Inductance  of  field  coll. 
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—  lfl4)edance  of  the  divider,  voltage  division  depends  exclusively  on  the  magnitude 
of  resistances.  Thus,  voltage  on  one  of  the  field  colls  will  be 


and  on  the  other  field  coll. 


etc.,  where  Rj^,  ...,  ”  resistance  from  beginning  of  divider  to  the  corresponding 

tap. 

Analogously  to  the  preceding  we  find  the  emf  In  the  searcher  coll,  assuming  the 
goniometer  Is  free  from  errors.  Thus,  with  coupling  of  field  colls  Into  taps  and 
R^  we  obtain 

^eosl-f  £a^  tin  t 

where  N  —  maxlmvun  mutual  Inductance  of  the  field  and  searcher  colls  of  the  goniometer. 

Rl 

The  emf  turns  Into  zero  when  tan  B 

If  the  goniometer  gives  error,  then  disappearance  of  audibility  will  occur  at 
another  angle  Error  of  the  goniometer  will  be  equal  to 

Thus,  attaching  the  ends  of  field  colls  to  varlc..s  terminals  of  the  divider 
and  determining  the  position  of  the  searcher  corresponding  to  vanishing  of  audibility 
In  the  telephone,  we  can  detemlne  the  error  of  the  goniometer  at  different  angles. 

It  Is  possible  to  have  a  comparatively  small  number  of  taps  In  the  divider  (3-’4),  In 
order  to  obtain  sufficiently  closely  located  points  for  construction  of  the  error 
curve. 


Shielding  of  the  generator,  receiver,  and  divider,  thoroughness  of  location  of 
wiring  In  this  method  are  as  necessary  as  In  the  method  of  a  standard  goniometer. 


Pig.  9.6.  Testing  a 
goniometer  by  a  divider. 


The  divider  itself  should  be  made  inductionless  and 
non-capacitive,  possess  a  small  skin  effect,  which  Is 
necessary  for  preservation  of  constancy  of  the  ratio 
of  resistances  during  change  of  frequency.  One  should 
make  It  with  the  same  care  as,  e.g.,  attenuators  of 
generators  of  stemdard  signals. 

The  circuit  for  checking  a  goniometer  at  low 
frequency  is  shown  in  Pig.  9.7.  In  It  and  Rg  - 
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prtoition  r«iiitanet  boxttj  and  -  flald  colla  of  gonloBotari  —  Ita  ■•archar 
Qoili  T—  ttlaphona  (lofif-rtaiatanoa), 

Tht  circuit  la  fad  frcai  an  af  ganarator  a.  Raalatancaa  and  R2  ahould  ba 
takan  conaldarably  largar  than  Inducad  raalatanca  of  flald  colla  with  frequancy  of 
Baaauraaant  a>«  i.a.,  R^  »  ooL^  and  R2  »  a2<2«  In  thla  caaa  curranta  and  I2  ara 
datamlnad  by  aqualltlaa 

Zf  tha  gonloMtar  waa  nada  abaolutaly  axactly*  tha  amf  Inducad  In  tht  aearcher 
coll  would  ba 

/taAf  CM  I. 

Rotating  tha  aaarchar  coll  until  audibility  dlaappeara  in  tha  ttlaphona,  wa 
obtain  angla  6  from  aquation 


/^aial^/^cMl«0 


or 


lgl< 


(9.6) 


If  the  gonloBtttr  has  error,  audibility  will  dlaappear  at  another  angle  0  - 
m  6  -i-  t,  where  A  —  degree  of  error.  The  aethod  of  checking  conalata  In  eatabllahlng 

ratio  conforming  to  anglet  d  ■  0°,  10®,  20®,  etc,, 
R2 

and  detemlnlng  angle  9  at  which  lound  disappears 
In  the  telephone.  Difference 

#— arctf 

directly  gives  error  of  the  goniometer.  To  each 
ratio 


Pig.  9.7.  Circuit  for 
checking  of  goniometer 
at  low  frequancy. 


^  there  correspond  two  angles  differing 

approximately  by  I80®,  at  >dilch  audibility  vanishes. 
Thus,  the  goniometer  Is  chucked  from  0®  to  90®  and  from  I80®  to  270®.  To  check  the 
second  half  of  the  dial  the  ends  of  one  of  the  field  colls  are  connected,  idilch 
corresponds  to  a  change  of  sign  In  formula  (9.6).  During  work  It  Is  necessary  to 
watch  to  see  that  the  generator  does  not  directly  Influence  the  searcher  coll,  and 
that  currant  In  the  telephone  does  not  Influence  the  field  colls. 

Analogoxis  circuits  can  be  easily  composed  for  testing  mxiltlwlndlng  goniometers. 
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Oani^Mtar 


Fig.  9* 8*  Diagram  for  chacklng  aynmetry  of 
goniometer. 


So  that  in  the  gonlometrlc  ayatem  there  la  no  antenna  effect.  It  la  neceaaary 
to  enaure  complete  symmetry  of  field  colla  of  the  direction  finder.  Check  of 
symmetry  of  the  goniometer  can  be  performed  by  the  circuit  In  Fig.  9*3.  Voltage 
from  the  generator  of  standard  algnala  la  brought  to  the  field  coll  through  a 
symmetric  transformer  (see  §  4.3)  end  a  potentlometrlc  circuit  of  resistances. 

The  searcher  coll  Is  connected  to  the  receiver.  In  switch  position  A  voltage 
acts  between  ends  of  the  field  coll,  which  corresponds  to  reception  of  a  two-phase 
wave.  In  switch  position  B  the  emf  acts  between  both  ends  of  the  field  coll  and  the 
"ground”  (l.e,,  the  frame  of  the  goniometer,  cathode  of  the  first  tube  of  the  receiver 
and  its  frame),  which  corresponds  to  reception  of  a  single-phase  wave.  A  completely 
symmetric  goniometer  In  the  second  switch  position  will  not  transmit  voltage  to  the 
searcher  coll. 

In  practice  measurement  Is  performed  In  the  following  way.  Setting  the  switch 
In  position  A,  tuning  the  receiver  and  turning  the  searcher  coll  to  the  position  of 
maximum  coupling  with  the  tested  field  coll,  we  regulate  the  voltage  of  the  generator 

of  standard  signals  to  obtain  a  conveniently  read  receiver 
output  voltage  U.  Let  us  assume  that  here  the  voltage  of  the 
generator  of  standard  signals  la  equal  to  E^, 

Then  we  shift  the  switch  to  position  B,  Increase  output 
voltage  of  the  generator  of  standard  signals  and  turn  the 
searcher  coll  to  obtain  maximum  receiver  output  voltage.  Let 
us  assume  that  voltage  of  the  generator  of  standard  signals, 
necessary  for  production  of  the  same  receiver  output  voltage  U,  In  this  case  Is  equal 
to  £2*  'Hien  the  relative  degree  of  asymmetry  of  the  goniometer  Is  characterized  by 


In  carrying  out  tests  It  Is  necessary  to  ensure  symmetry  of  the  transfomer, 
equality  of  potentials  at  points  a  and  b,  and  also  to  avoid  any  asymmetry  of  the 


Pig.  9.9.  Circuit 
of  asymmetric 
loading. 
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gmiioatttr  (for  lnst«neo«  becauso  of  aiynotrlc  poiltlon  of  wlrai  to  th«  switch)  • 
Ntaourwwnt  of  asymmetry  by  suiothtr  iMthod  Is  carried  out  with  the  help  of  an 
hf  reslatanot  bridge,  Asyaaetry  la  caused  by  unequalness  of  capacitive  or  In 
general*  any  lapedances  between  terminals  1  and  2  of  load  (In  this  case  the 

I  " 

gonloiaeter)  and  the  ground.  In  Fig.  9*9  these  impedances  are  designated  Z  and  Z  . 
The  asymmetry  parameter  Is  equal  to 

We  take  three  measurements  of  admittances  t 

1)  between  point  1  and  grounded  point  2  (Y^)t 

2)  between  grounded  point  1  and  point  2  (Y^)) 

?)  between  short-circuited  tezslnals  1  and  2  and  ground  (Y^)) 


It  Is  easy  to  see  that 

Both  methods  of  measurement  of  asymmetry  are  applicable  also  to  measurement 
of  asymmetry  of  the  Input  of  the  receiver  and  of  other  elements. 

Test  of  a  Radio  Direction  Finder  as  a  Whole 

To  test  a  loop  radio  direction  finder  of  a  gonlometrlc  system  In  laboratory 
conditions  there  can  be  employed  the  same  two  methods  as  for  testing  a  direction 
finders  with  a  rotating  loop*  l.e.*  testing  with  an  equivalent  and  testing  with  the 
help  of  a  line.  The  equivalent  presented  In  Pig.  9«1  gives  the  possibility  of  feeding 
emf  only  to  one  of  the  field  colls.  The  remaining  field  colls  of  the  goniometer 
should  be  closed  to  the  same  equivalents  with  closed  Input  terminals. 

When  testing  by  the  two-signal  method  there  can  be  used  a  second  field  coll* 
to  ipdilch  there  Is  fed  an  emf  from  a  second  generator  through  an  antenna  equivalent  • 

In  the  case  of  an  external  system  of  two  spaced  antennas  It  Is  also  possible 
to  ccmipose  an  equivalent.  Its  circuit  Is  presented  In  Fig.  9.10.  Here  C^*  C* 

—  capacitances  of  spaced  antennas*  feeder*  auxiliary  antenna  and  Its  fair-lead; 

L  and  L.  —  Inductances  of  the  auxiliary  and  the  spaced  antennas.  Selection  of 
magnitudes  R*  R.  and  M  Is  analogous  to  the  preceding  case.  It  should  be  stressed 
that  testing  by  an  equivalent  has  meaning  only  for  those  systems*  for  which  natural 
waves  of  antennas  considerably  differ  from  working  waves. 
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9*3 •  Laboratory  Tttte  of  Radio 
D1  r ac tlon  p'lnderB  w 


UfliTW: 


Pig,  9.10,  Circuit  of  the 
equivalent  for  a  system  of 
speed  antennas. 


Separate  component  parte  of  the  radio  direction 
finder  (hf  transformers «  time  delay  line,  switching 
circuits.  Indicators,  etc.)  are  checked  by  usual 
methods. 

The  antenna  system  of  a  radio  direction  finder 
with  wide  spacing  antennas  consists  of  a  large 


number  of  antennas.  In  which  there  are  Induced  emf's  of  identical  smplltu'ic,  but  v/J  th 
different  phases  in  accordance  with  geometric  location  of  the  antennas  (§  ^,11), 

Antennas  are  connected  to  an  antenna  switch  or  s 
reception-indicator. 

During  laboratory  tests  of  a  radio  direction 
finder  It  Is  necessary  to  be  able  to  Introduce  to 
Inputs  of  the  antenna  switch  (or  reception- Indicator) 
voltage  of  Identical  amplitude,  the  phase  of  which 
varies  by  a  given  law.  For  this  there  Is  used  a 
special  antenna  equivalent,  Zn  Fig,  9.1i  there  Is 
presented  the  circuit  of  the  equivalent  for  labora¬ 
tory  testing  of  a  radio  direction  finder  with  a 
circular  antenna  system.  It  consists  of  a  natural 

Pig,  9,11,  Clrcvilt  of  the  or  artificial  long  line,  fed  by  a  generator  of 
equivalent  of  a  circular 

antenna  system  with  wide  standard  signals  and  loaded  on  an  Impedance,  equal 

spacing. 

to  wave  Impedance.  The  section  of  long  line  Is 


designed  In  such  a  manner  that  on  terminals  of  the  long  line  of  the  equivalent  a,  b, 
c,  etc.,  voltages  have  identical  asq)lltudes  and  phases,  equal  to  phases  of  the  emf 
of  corresponding  antennas. 

Phases  of  voltages  are  calculated  for  the  case  when  there  Is  produced  reception 


of  a  radio  station  from  a  definite  direction. 


Between  terminals  of  the  long  line  and  the  ground  there  are  cotq)led  resistance 
R^-Rg  such  magnitude  that  »  Rg  and  Rg  -  -  irtiere  ware  Impedance  of 

feeders  leading  into  the  antenna  switch  (matched  loading  of  feeders  from  the  antennas 
Is  assumed). 
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Thus#  on  th«  output  ttrmlnali  of  th«  oqulvalent  1,  2,  ,,,,  n  thtrt  ar«  voltagti 

of  Idtntieal  aaplltud#  with  phaa«i«  corrttponding  to  phaiti  of  amf  antonnas.  Output 
ratiitaneaa  on  thtaa  tamlnals  ara  aqual  to  Application  of  dacoupllng 

raalitancai  ranovaa  Influanca  of  loads  of  tha  antanna  switch  on  tha  anplltude 
and  phasa  of  voltafsa  at  points  1,  2|  •••«». 

Tha  antanna  aqulvalant  pamits  ehaehlng  tha  ovarall  efficiency  of  equipment, 
datarmlnlnc  instrument  accuracy  for  fixed  directions  and  sensitivity.  Instrument 
accuracy  is  datarminad  connecting  tha  output  of  tha  equivalent  1,  2,  3,  n  first 
to  terminals  i',  2*,  3't  •••$  n*  of  tha  antanna  switch.  Hera,  on  the  antenna  switch 
during  direction  finding  there  should  be  read  an  angle,  corresponding  to  that  bearing, 
for  which  the  long  line  is  calculated.  Than  tha  output  of  equivalent  1,  2,  3,  ...,  n 
are  switched  to  terminals  2*,  3'#  •••«  n',  l'  of  the  antenna  switch,  3',  4',  ...,  n', 
1',  2',  etc.  Each  switching  corresponds  to  displacement  of  the  direction  of  bearing 
an  angle,  equal  to  the  angle  between  the  antennas.  The  difference  between  readings 
on  the  bearing  indicator  of  the  radio  direction  finder  and  calculated  bearings 
corresponds  to  instniment  errors.  To  determine  sensitivity  it  is  necessary  to 
preliminarily  find  coefficient  k  of  transmission  of  voltage  from  input  terminals  of 
the  equivalent  to  its  output  terminals  1,  2,  3«  n  with  connected  loads. 

If  to  the  equivalent's  input  there  is  fad  voltage  U,  then  E  ■  ,  where 

is  the  effective  height  of  the  antenna. 

With  an  unmatched  loading  of  feeders  instead  of  p^^  it  is  necessary  to  couple 
in  at  each  frequency  its  own  Z  ,  corresponding  to  input  impedance  of  the  antenna 
and  feeder  together. 

By  this  method  we  also  determine  the  directivity  pattern  of  the  antenna  system. 

9,4.  Tests  of  Direction  Finders  in  Real  Conditions  of  Work 

When  testing  a  direction  finder  in  the  place  of  installation  it  is  necessary  to 
check  separate  parts  of  the  antenna- feeder  device  (single  angennas,  feeders,  etc.) 
and  correctness  of  their  geometric  location.  Tests  are  performed  by  methods, 
described  in  [9>3]. 

Tests  of  a  radio  direction  finder  have  the  goal  of  determining!  instrument 
error  of  the  direction  finder,  magnitude  and  nature  of  local  errors,  general  accuracy 
of  the  direction  finder,  general  sensitivity  of  the  direction  finder,  the  character¬ 
istic  and  coefficient  of  directivity  of  its  antenna  system. 
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Determining  Znitmment  Error  of  e  Radio  Direction  Finder 


Zt  if  not  poeeible  to  detennine  inetrument  error  for  all  systems  of  direction 
finders.  Thus,  direct  determination  of  inatrument  errors  for  'Mr^fctlon  finders  with 
a  fixed  outdoor  system  is  impossiblSj  if  the  latter  is  too  bulky.  Zn  these  cases  it 
is  necessary  to  be  limited  to  analysis  cf  separate  sources  of  instrument  error  on 
the  basis  of  laboratory  tests  and  tests^  which  are  described  in  the  following  point. 

Instrument  error  is  most  exactly  and  simply  determined  for  goniometric  direction 
finders,  for  which  structure  and  dimensions  of  the  outdoor  equipment  are  such  as 
permit  rotation  of  it  in  the  process  of  testing.  For  this  purpose  the  external 
device  of  the  direction  finder  is  set  on  a  special  machine,  permitting  us  to  turn  it 
at  known  angles.  Tuning  to  some  station,  by  rotation  of  the  goniometer  we  find  its 
bearing.  We  then  turn  the  outdoor  system  a  certain  angle  (for  instance,  10-15°)  and 
repeat  fixing.  'Rie  new  reading  on  the  goni^eter  should  differ  from  the  first  by 
the  angle  of  rotation  of  the  outdoor  system.  Perfoimlng  such  tests  for  several 
angles  from  0°  to  360°  and  at  various  frequencies,  we  can  obtain  a  sufficiently  full 
Judgement  of  Instrument  accuracy  of  the  direction  finder. 

Special  difficulties  are  presented  by  tests  of  direction  finders  with  calculation 
of  polarization  errors.  Thus,  to  determine  standard  polarization  error  one  should 
place  the  direction  finder  in  an  electromagnetic  field  with  a  known  slope  of  the  wave 
front  and  angle  of  polarization.  For  creation  of  such  a  field  a  local  generator  is 
placed  at  a  considerable  height  (on  a  mast,  ballon,  etc.)  and  is  equipped  with  a 
radiating  dipole,  which  is  set  at  such  an  angle  as  creates  a  field  with  the  necessary 
turn  of  the  plane  of  polarization. 

Distance  from  the  direction  finder  to  the  generator  should  be  sufficiently  great. 
For  direction  finders  of  short  waves  this  distance  is  practically  of  the  order  of 
100  m  or  more.  To  create  an  angle  of  incidence  of  corresponding  to  conditions 
of  test  of  the  error  of  a  standard  wave,  height  of  lift  of  the  generator  should  also 
be  near  iOO  m.  This  causes  evident  practical  difficulties,  because  of  which  in  most 
cases  we  are  limited  to  smaller  height  of  rise  of  the  emitter.  So  that  polarization 
error  is  not  small,  the  angle  of  rotation  of  the  plane  of  polarization  7  is  made 
greater  than  45°. 

Zf  the  angle  of  inclination  of  the  wave  front  Is  very  small,  to  ssitlsfy  the 
shown  condition  angle  7  should  be  close  to  90°*  Inconvenience  of  such  a  condition 
of  tests  is  the  small  magnitude  of  the  vertical  component  of  field  strength  and, 
consequently,  the  weak  reception  power. 
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To  product  reliable  reeulte  of  meaaurement  It  le  necennary  to  ensure  etrlot 
ayaaetry  of  the  generator,  alnoe  the  prefleiiee  of  a  single-cycle  wave  In  a  radiating 
dipole  does  not  permit  establlahln/'  the  exact  relatl<<nnh.1 1<  between  magnitudes  of 
vertical  and  horizontal  eomponenta  of  the  field.  The  direction  finder  nhould  be 
located  In  a  plane,  perpendicular  to  the  plane  containing  the  radiating  dipole. 
Otherwise  the  ratio  of  horizontal  and  vertical  eomponenta  of  field  strength  Is  not 
equal  to  the  tangent  of  the  angle  of  rotation  of  the  dipole.  Such  a  phenomenon  does 
not  occur  with  a  radiating  loopj  therefore  In  Installations  for  checking  polarization 
errors  they  chiefly  apply  a  loop  as  the  emitter. 

Determining  the  Magnitude  and  Mature  of  Local  Errors 

To  determine  errors  of  the  direction  finder  the  generator  shifts  around  it. 
Direction  finding  is  produced  at  different  positions  of  the  ?nerator,  and  results 
are  compared  with  true  angles,  'Ihese  angles,  depending  u[>on  the  circumstances,  are 
determined  either  by  visual  direction  finding,  or  on  the  map  by  known  positions  of 
the  mobile  generator. 

The  mobile  generator  la  carried,  trucked  or  Is  placed  on  a  ship,  aircraft,  etc. 
If  the  direction  finder  is  placed  on  a  mobile  object  (ship,  aircraft),  one  can 
determine  error  by  a  fixed  source  of  radiation  by  means  of  shifting  the  direction 
finder  itself. 

The  distance  from  the  direction  finder  to  the  source  of  radiation  should  be 
sufficiently  large.  In  order  to  consider  the  field  near  the  direction  finder  as  the 
field  of  radiation,  l,e,,  the  dlstiuice  should  exceed  the  wavelength.  Furthermore, 
the  distance  should  be  sufficient,  that  there  Is  formed  an  approximately  flat  wave 
front I 


where  2b  —  antenna  aperture  (spacing  of  vertical  antennas). 

The  generator  should  be  located  in  an  open  locality  far  from  objects  which 
could  create  a  field  of  secondary  radiation. 

The  enror  curve,  found  by  the  shown  method,  contains  both  Instrument  errors  of 
the  radio  direction  finder,  and  also  locality  errors.  In  order  to  separate  errors. 

It  Is  necessary  to  determine  Instrument  errors  by  other  methods  (see  the  first  point 
of  this  paragraph)  or  conduct  Inspection  of  local  errors  by  a  radio  direction  finder, 
udiose  Instrument  errors  are  small  and  are  known.  In  separate  cases  judgement  about 
whether  error  Is  local  or  Instrument  Is  facilitated  by  consideration  of  the  dependence 


of  trror  on  the  distance  to  the  radiator,  l.e,,  fron  shift  of  the  heterodyne  with 
constant  azimuth.  Instrument  error  does  not  depend  on  range,  and  local  error  changes 
with  change  of  range. 

With  a  separate  re-emltter  the  dependence  of  error,  caused  by  It,  on  the 
distance  between  the  heterodyne  and  direction  finder  has  a  regular  sinusoidal  nature, 
which  facilitates  detection  of  such  error. 

The  general  character  of  the  error  curve  also  depends  on  the  distance  between 
the  direction  finder  and  generator  (§  10,5)*  When  this  distance  Is  small  (for 
Instance,  100-;?00  m).  Influence  of  locale  and  surroundings  Is  not  transmitted 
completely  In  the  obtained  error  curve,  since  relative  magnitudes  snd  phases  of  field 
strength  of  reverse  emitters  differ  from  corresponding  magnitudes  obtained  under  the 
Influence  of  a  wave  from  a  very  distant  source. 

It  Is  possible  to  recommend  such  tests  mainly  for  checking  Instrument  errors 
under  the  condition  that  local  errors  are  minute. 

With  large  distances  (for  Instance,  ^5  km)  conditions  of  testing  are  closer 
to  real  conditions  of  work  of  the  radio  direction  finder  and  mere  fully  reflect  local 
errors,  including  and  the  Influence  of  distant  surroundings.  These  tests  should  be 
conducted  during  the  Introduction  of  the  radio  direction  finder  Into  service  to 
Judge  Its  general  accuracy. 

It  Is  necessary  to  note  that  the  curve  of  local  errors,  taken  with  the  help  of 
a  generator  located  on  the  surface  of  the  earth,  can  not  preserve  Its  form  during 
reception  of  reflected  rays,  since  reverse  radiations,  provoking  local  errors,  change 
their  character  under  the  Influence  of  an  abnormally-polarized  field. 

Detemlnlng  Oeneral  Accuracy  of  a  Radio  Direction  Finder 

Because  of  the  above-indicated  difficulties  separate  determlxiatlon  of  Instrument 
errors,  althoxagh  of  considerable  Interest,  cannot  completely  characterize  general 
accuracy  of  a  radio  direction  finder.  On  the  other  hand,  determination  only  of  the 
general  accuracy  of  a  direction  finder,  the  most  Important  of  Its  operational 
characteristics,  says  little  to  the  designer,  since  he  cannot  find  which  part  of 
errors  can  be  eliminated  by  Improving  the  design  of  the  instrument  and  which  part 
can  be  eliminated  by  Improving  Its  location.  Therefore,  whenever  possible,  one 
should  make  a  full  investigation  of  the  direction  finder,  detenninlng  both  Instrument 
and  local  errors,  and  also  the  general.,  accuracy  of  the  direction  finder. 

To  determine  general  accuracy  of  a  direction  finder  we  perform  direction  finding 
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of  difftront  known  obJ«cta«  locattd  at  far  aa  poaalbla  In  different  dlrectlonei  at 
different  dlatancea  and  working  on  different  wavea, 

Conparlng  the  found  radio  bearing  with  the  true  one,  determined  by  calculation 
or  plotting  on  a  map,  we  find  error.  For  the  characterlatlc  of  general  accuracy  of 
a  direction  finder  we  find  the  mean  error.  According  to  the  theory  of  errora  It  is 
moat  correct  to  take  for  mean  error  the  mean  quadratic  error,  but  for  elapllflcatlon 
of  caloulatlona  we  frequently  limit  ouraelvea  to  finding  the  arithmetic  mean  error 
(without  taking  Into  account  algn). 

For  radio  direction  flndera,  working  on  short  and  medium  waves,  during  direction 
finding  at  night  scattering  of  errors  la  ao  great  that  their  average  magnitude 
Insufficiently  characterizes  work  of  the  direction  finder*  Methods  of  analysis  of 
observations  are  presented  In  Chapter  11, 

Determining  General  Sensitivity  of  a  Radio  Direction  Finder 

To  determine  general  sensitivity  of  a  direction  finder  we  simultaneously  perform 
direction  finding  and  determination  of  field  strength  by  a  comparator.  During 
direction  finding  by  hearing  we  note  the  angle  of  silence.  During  visual  direction 
finding  we  note  the  line  width  of  the  image  of  bearing  or  the  magnitude  of  oscil¬ 
lations  of  the  pointer  of  the  indicator  from  the  Influence  of  noises. 

On  ultrashort,  medium  and  long  waves  sensitivity  can  be  determined  by  means  of 
observation  of  different  remote  radio  stations.  On  short  waves  observation  of  remote 
stations  because  of  the  influence  of  fade-outs  leads  to  very  Inaccurate  determinations 
of  sensitivity.  Therefore,  on  short  waves  sensitivity  is  better  determined  by  using 
a  local  generator,  removed  a  certain  distance  from  the  direction  finder. 

Field  strength  in  all  cases  is  measured  by  a  comparator.  If  there  is  no 
comparator,  sensitivity  can  also  be  determined  by  the  local  generator,  equipped  with 
an  ammeter  In  the  antenna,  whose  virtual  height  is  known.  In  this  case  field  strength 
near  the  generator  is  calculated  by  the  corresponding  formulas,  lliis  method  is  less 
exact  than  direct  comparison. 

Sensitivity  of  a  radio  direction  findar  may  also  be  found  by  means  of  calculation 
if  there  are  determined  the  sensitivity  of  the  receiving  equipment  and  the  virtual 
height  of  the  antenna  system  (see  §§  2.7-2.11). 

One  can  determine  virtual  height  in  the  following  manner  (Fig.  9*12):  at  a 
certain  distance  d  from  direction  finder  DF  there  is  located  emitter  0.  Exactly  the 
same  distance  d  from  the  latter  there  is  placed  comparator  C,  so  that  field  strength 
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for  the  direction  finder  and  for  the  comparator  Is  Identical.  The  distance  between 
the  direction  finder  and  the  comparator  should  be  such  as  to  exclude  their  Interaction. 
Field  strength  civateii  by  the  emitter  Is  measured  by  the  comparator.  Its  value  Eq 

should  substantially  exceed  the  level  of  field 
strength  of  the  external  Interferences.  The 
direction  finder  is  tuned  to  the  wave  of  the 
emitter,  and  Its  antenna  system  or  goniometer  Is 
set  In  a  position,  corresponding  to  maximum 
reception  power.  Voltage  on  Its  output  Is 
measured  by  a  voltmeter.  By  gain  control  Instru- 
aente  output  voltage  Is  set  such  that  work  of  the 
receiver  In  the  linear  region  is  ensured.  To 


Fig.  9.12.  Diagram  of 
location  of  Instruments 
during  measurement  of 
virtual  height. 


ensure  linearity  there  will  also  be  turned  off  the  autosiatle  gain  control. 

'nien  we  disconnect  the  antenna  system  from  the  receiver  and  connect  to  It  a 
generator  of  standard  signals  through  antenna  equivalent.  In  the  goniometer  system 
all  non-operating  windings  of  the  goniometer  should  here  be  loaded  on  antenna 
equivalents  Eq  (Fig.  9.13).  Without  touching  receiver  controls,  we  adjust  the 
voltage  of  the  generator  of  standard  signals  to  obtain  on  the  receiver  output  the 
same  voltage  as  was  obtained  earlier  from  the  external  emitter.  Obviously,  in  this 
case  voltage  In  the  antenna  circuit  E  from  the  generator  of  standard  signals  Is 

9  D 

equal  to  the  voltage  In  the  antenna  circuit  which  the  external  emitter  created. 

Eg* 

On  the  basis  of  this  we  can  find  virtual  height  as  H.  - 

*  ^0 

S| 

H— > 

Vart«Ml«r 


Fig.  9.13.  Circuit  diagram  of 
receiver. 


Determining  the  Directivity  Pattern  and  the  Directivity  Factor 

To  determine  the  directivity  pattern  of  the  antenna  system  of  the  direction 
finder  In  the  horizontal  plane  It  Is  necessary  to  determine  the  dependence  of  output 
voltage  of  receiver  on  angle,  which  the  direction  of  propagation  of  the  wave  forme 

*T1ils  formula  Is  valid  vdien  resistance  of  the  equivalent  Is  equal  to  resistance 
of  the  antenna. 
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with  the  plane  of  the  antenna  lyetem.  In  a  system  with  a  turning  antenna  this  angle 
can  be  changed  by  rotation  of  the  antenna  system  Itself.  The  radiation  pattern  of  a 
radio  direction  finder  with  fixed  antennas  can  be  found  by  rotating  the  device 
intended  for  rotating  the  radiation  pattern  (goniometer,  commutator)  and  noting  the 
dependence  of  output  voltage  on  the  angle  of  rotation  of  the  goniometer  or  commutator. 
Another  method  of  finding  the  radiation  pattern  consists  moving  the  sender  around  a 
fixed  antenna  system  on  a  circumference,  whose  center  coincides  with  the  center  of 
the  antenna  system. 

One  should  equip  the  sender  with  an  ammeter  for  measuring  In  It  the  current, 
which  should  be  maintained  strictly  constant.  To  ensure  great  accuracy  It  Is  possible 
to  recommend  monitoring  constancy  of  field  strength  In  the  direction  finder  by  a 
comparator. 

Angular  shift  of  the  sender  is  measured  by  a  compass,  theodolite,  or  another 
such  instrument. 

Output  voltage  of  the  receiver  is  measured  by  a  voltmeter.  It  is  necessary 
beforehand  to  check  the  range  of  voltages,  in  which  output  voltage  linearly  depends 
on  Input,  and  during  the  whole  test  voltage  should  not  leave  the  linear  region. 

U  ut 

Dependency  w  ■  ■  F(d),  presented  graphically  In  polar  or  cartesian 

“max.out 

coordinates,  is  the  sought  directivity  pattern.  The  directivity  factor  in  the 
horizontal  plane  is  determined  graphically  from  the  directivity  pattemi 


where 


•Ulus,  to  determine  the  directivity  factor  It  Is  necessary  to  construct  the  curve 

2  o 

of  the  dependence  of  p  on  angle  d  and  by  planimetry  find  Its  area  /  p'^dd.  Number  ' 

2w,  divided  by  the  found  area,  gives  the  directivity  factor.  ^ 

If  field  strength  is  measured  by  a  comparator,  then  before  completing  the  shown  j 

calculations  it  is  necessary  to  introduce  a  correction  in  values  of  measured  output  ^ 

voltages,  determining  magnitude  | 

tF  ^ 

where  E_-_  —  maximum  field  strengthj  1 

m&x  I 

E  —  field  strength,  measured  at  the  same  position  of  generator,  at  which  ; 

Uout  measured.  ' 


-20- 


During  construction  of  the  radiation  pattern  we  use  values  of  and 

^  max. out* 

Measurement  of  directivity  patterns  in  the  vertical  plane  causes  considerable 
technical  difficulties;  with  this  purpose  it  is  possible  to  use  aircraft  and 
helicopters  [9.3]. 


21- 


MT-65-58 

Principles  of  Radio  Direction  Finding, 
"Soviet  Radio"  Publishing  House, 
Moscow,  1964. 

Pages!  54?- 560. 


CHAPTER  10 

DIFFERENT  APPLICATIONS  OP  RADIO  DIRECTION  FINDERS 

List  of  Designations  Appearing  in  Cyrillic 

M  -  1  -  [definition  tindetermlned] 

MSKC  "  max  -  maximum 

np  -  long  -  longitudinal 
p  ■  loop 

n  ■  RDF  -  Radio  Directional  Finder 
n  -  trans  ■  transverse 

Below  are  certain  practical  Instructions  on  selecting  the  site.  Installation, 
and  adjustment  of  ship,  aircraft  and  ground  radio  direction  finders.  In  this  chapter 
we  used  materials  of  published  manuals  and  recommendations  [1.10,  10,1,  10.6,  10.7]. 

10,1,  Ship  Radio  Direction  Finder 
Selection  of  Site 


I 


f 

r 


For  Installation  of  the  antenna  array  of  a  ship  radio  direction  finder  one 
should  select  the  place,  most  removed  from  metallic  parts  of  the  ship.  Therefore, 
the  antenna  array  should  be  assembled  as  high  as  possible  above  the  hull  of  the  ship 
and  as  far  as  possible  from  stacks,  masts,  antennas  and  metal  superstructures. 

To  Indicate  beforehand  the  best  place  Is  difficult.  At  medium  waves  the  ships 
hull  usually  Is  the  main  Influence.  Knowing  dimensions  of  the  ship.  It  Is  possible 
by  the  formulas  (5.58),  (5.6o)  to  approximately  calculate  deviation,  caused  by  the 
hull  when  placing  the  antenna  array  directly  on  the  deck  or  on  a  mast. 

On  short  waves  of  greatest  influence  ere  antenna-llke  objects  (masts,  stacks, 
and  so  forth),  tuned  In  resonance  with  the  frequency  of  direction  finding,  when  on 
their  length  there  Is  laid- off  a  quarter  of  the  wavelength  or  three  quarters  of  the 
wavelength  (Fig.  5.14). 

Thus,  30  m  mast  creates  the  greatest  deviation  at  frequency  f  -  2.5  Me;  the 
captain's  bridge  15  m  high,  at  frequency  f  -  5  Me;  a  11  m  stack,  at  frequency  f  ■ 

■  7  Me,  Range  of  frequencies  at  which  such  objects  act  depends  on  their  transverse 
dimension.  An  antenna  made  from  a  conductor  practically  has  effect  In  a  range  of 
±55^  on  both  sides  of  resonemce  frequency;  a  stack.  In  range  ±105^;  a  bridge,  in 
range  approximately  ±305^,  etc. 
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On  ultrashort  waves  large  structures  shield  reception,  and  direction  finding 
becomes  Impossible. 

It  Is  necessary  before  Inspection  on  a  ship  to  consider  on  the  plans  of  equipment 
of  ship  the  most  convenient  places  and  to  calculate  for  them  on  the  basis  of  materials 
of  Chapter  5  maximum  deviations. 

Antenna  systems  with  spaced  loops  or  with  spacing  of  antennas  greater  than  X, 
because  of  their  somewhat  sharper  radiation  pattern,  are  less  subject  to  the  Influence 
of  fields  of  reverse  radiation.  An  antenna  array  with  spaced  antennas  with  small 
spacing  reverse  emitters  Is  Influenced  to  a  still  larger  degree  than  a  loop  array, 
because  of  stronger  action  of  the  electrostatic  fields  on  vertical  antennas. 

After  places  for  mounting  of  the  antenna  system  are  noted  (usually  several).  It 
Is  advisable  to  test  them  with  a  portable  radio  direction  finder.  If  possible,  and 
select  the  best  place.  To  find  the  fitness  of  the  place  we  take  the  curve  of 
deviation  along  by  one  of  the  methods  shown  below.  The  best  place  will  be  the  one, 
for  which  maxlmtun  deviation  is  less  In  the  working  range  of  frequencies  of  the  radio 
direction  finder.  On  medium  waves  the  curve  of  deviation  should  be  very  close  to 
quadratic  (qviadratlc  deviation  Is  easy  to  compensate)  and  vary  little  with  frequency. 

On  short  and  ultrashort  waves  deviation  should  vary  smoothly  with  change  of 
relative  bearing  of  the  station  and  with  change  of  frequency.  Furthermore,  there 
should  be  obtained  complete  angles  of  silence  for  bearings  of  all  directions  0-560° 

In  a  sound  radio  direction  finder,  small  ellipses  of  Images  (not  more  than  15^)  In 
an  automatic  two-channel  radio  direction  finder,  and  precise  readings  of  bearing  In 
other  systems  of  direction  finders. 

Finding  of  the  curve  of  deviation  an<l.>eheck  of  the  quality  of  direction  finding 
should  be  done  at  sea.  As  long  as  ships  are  In  the  dockyard.  It  is  impossible  to  do 
these  Jobs,  since  around  ship  there  usually  are  many  foreign  objects,  creating 
additional  errors. 

The  place  for  mounting  receiver  equipment  should  be  convenient  for  work.  The 
length  of  the  high-frequency  cable  required  for  connection  of  the  antenna  array  (of 
gonlometrlc  or  other  type)  with  the  receiver  should  be  as  small  as  possible.  Ihe 
receiver  equipment  of  a  radio  direction  finder  should  be  Installed  In  the  chart 
house,  since  the  navlgatory  uses  the  radio  direction  finder. 

Mounting  of  the  Antenna  Array  of  a  Radio  Direction  Finder 

Let  us  consider  cases,  when  In  the  ship  radio  direction  finder  as  the  antenna 
array  there  are  applied  a  rotatable  loop,  a  gonlometrlc  system  of  two 
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>utu&lly-p«rp«ndlcular  loops«  a  rotatable  ayatem  of  apaced  loopa,  and  a  ayatem  with 
apaeed  antennaa. 

The  antenna  array  Is  Installed  in  such  a  manner  that  Its  axis  of  symmetry  lies 
In  the  dlaffletz*lcal  plane  of  the  ahlpj  otherwise  there  may  appear  a  coefficient  of 
constant  deviation  A,  varying  with  frequency.  Such  deviation  Is  difficult  to 
compensate. 

An  axuclllary  aritenna.  If  It  Is  not  provided  In  the  construction  of  the  antenna 
array.  Is  taken  as  far  as  possible  vertical  and  located  In  direct  proximity  to  the 
directional  antenna. 

In  a  rotatable  system  with  reading  by  the  minimum  the  dial  Is  oriented  In  such 
a  manner  that  It  reads  angle  90-270°  when  the  plane  of  the  system  coincides  with  the 
diametrical  plane  of  ship,  or  0-l80°  when  the  plane  of  the  system  Is  perpendicular 
to  the  diametrical  plane.  In  a  gonlometrlc  system  one  loop  or  pair  of  antennas  are 
usually  mounted  In  the  diametrical  plane)  the  second  Is  mounted  across  the  ship. 

With  unequal  dimensions  of  loops  (for  a  medium-wave  radio  direction  finder)  the 
smaller  loop  Is  Installed  along  the  longitudinal  axis,  thanks  to  which  quarter 
deviation  partially  Is  compensated. 

For  a  gonlometrlc  radio  direction  finder  It  Is  necessary  to  check  correctness 
of  connection  of  the  ends  of  field  colls  of  the  goniometer  to  the  loop  device  and 
of  ends  of  the  searcher  coll  to  the  receiver. 

For  this  we  listen  to  and  fix  any  radio  station,  when  to  goniometer  there  Is 
Joined  only  one  longitudinal  loop  (tr&uisverse  Is  disconnected);  the  bearing  should 
be  0°  or  180°.  If  Instead  of  0°  or  180°  the  bearing  Is  equal  to  90°  or  270^,  then 
to  the  longitudinal  loop  we  Join  the  other  field  coll  of  the  goniometer. 

Further  we  fix  a  radio  station,  when  one  transverse  loop  Is  connected)  bearing 
should  be  90°  or  270°. 

Finally,  we  Join  both  field  colls  and  check  matching  of  fields.  With  rotation 
of  the  ship  counterclockwise  the  bearing  should  Increase;  If  this  Is  not  so,  one 
should  exchange  ends  In  any  of  the  field  colls. 

Correctness  of  determination  of  direction  Is  attained  by  true  connection  of 
the  ends  of  searching  coll.  If  direction  Is  determined  Incorrectly,  we  switch  the 
ends  of  the  searcher  coll. 

In  the  same  manner  connection  to  the  receiver^ Indicator  of  a  two-channel  radio 
direction  finder  is  checked. 
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It  If  vfry  Important  that  noar  tha  outdoor  oqulpmont  of  a  radio  dlroctlon  finder 
all  touching  metallic  parts  (for  Inetance,  bulkhead  of  the  bridge#  guard  rail#  ftruts# 
etc.)  have  good  contacts  with  the  hullj  otherwise  with  variable  contacts#  there  Is 
obtained  variable  deviation.  Furthermore#  during  disturbance  of  contacts  there  Is 
audible  a  crackling  In  the  telephone  of  the  receiver. 

Cables  and  other  metallic  rigging  nearest  to  the  antenna  arrajr  should  have  a 
length#  smaller  than  1/4  If  the  antenna  array  Is  mounted  on  a  separate  mast# 

the  upper  part  of  the  mast  should  be  free  of  yards  standing  out  tj  the  sides#  and 
so  forth.  Quys  for  the  mast  should  be  symmetrically  located  about  the  antenna  system. 

Taking  the  Curve  of  Deviation  of  a  Ship  Radio  Direction  Finder 

The  bearing  q  of  a  radio  station#  lying  at  heading  p  to  the  longitudinal  axis 
of  the  ship#  under  the  Influence  of  metallic  objects  located  around  the  loop 
(antennas#  guys#  metal  h\ill#  and  so  forth)#  Is  Incorrect. 

Deviation  f  is  eqxial  to 

/-A-f* 

The  formula  for  f  gives  the  absolute  value  and  sign  of  deviation.  Deviation 
generally  varies  with  heading  and  depends  on  the  length  of  the  fixed  wave.  After 
Installation  of  a  radio  direction  finder  before  using  It#  It  Is  necessary  to  determine 
deviation  for  all  directions  from  0°  to  360^  and  for  needed  waves  (take  the  curve  of 
deviation).  During  subsequent  work  on  the  radio  direction  finder  we  use  curves  of 
deviation  to  determine  corr^iCtlons  to  bearings. 

Ihe  curve  of  deviation  Is  taken  chiefly  by  a  visible  radio  static#  transmitting 
certain  signals  for  this  purpose.  Ve  determine  visually  headings  p  to  the  working 
radio  station  related  to  the  longitudinal  axis  of  ship  and  simultaneously  take 
readings  on  the  radio  direction  finder#  l.e.#  determine  angles  q.  Xhowing  p  and  q. 
we  calculate  deviation  f  and  construct  the  curve  of  deviation  In  the  form  of  the 
dependence  of  f  on  q. 

The  curve  of  devlatl(m  of  a  ship  radio  direction  finder  can  be  found  by  the 
following  methods. 

1.  We  use  work  of  the  sender  of  a  non> directional  radio  beacon  or  auxiliary 
ship.  The  ship  with  the  radio  direction  finder  turns  every  10-15°  near  the  beacon 
or  auxiliary- ship.  On  every  course  there  Is  determined  visually  the  heading  to  the 
transmitter  p  and  there  Is  made  a  reading  on  the  radio  direction  finder  q.  Devi¬ 
ation  Is  defined  as  the  difference  between  these  readings. 
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Znitead  of  lie  on  coureee  erery  10-15°*  It  la  possible  to  accomplish  continuous 
circulation  and  to  take  vlaxial  readings  and  radio  direction  finder  readings  every 
10-15°. 

'nie  distance  between  the  radio  direction  finder  and  the  sender  Is  more  than 
2-3  X,  In  order  to  be  In  the  field  of  radiation  of  the  sender. 

2.  The  ahlp  with  the  radio  direction  finder  can  be  turned  with  the  help  of  an 
auxiliary  tug.  Such  a  method  Is  employed  for  large  ships,  whose  own  movement  Is 
costly. 

3.  The  ship  with  the  radio  direction  finder  can  stand  at  anchor,  and  the 
auxiliary  ship  with  radio  transmitter  passes  around  It.  Reading  every  10-15°  of 
movement  of  the  auxiliary  ship  simultaneously  visual  headings  p  and  radio  bearings 
q,  we  calculate  deviation  f. 

4.  It  Is  possible  to  take  deviation  by  an  Invisible  radio  station.  We 
calculate  the  bearing  a  from  the  point  of  taking  the  deviation  to  the  radio  station. 
To  determine  the  true  bearing  every  10-15°  of  turn  of  the  ship  we  determine  radio 
bearings  q  and  simultaneously  compass  courses  (KK).  F’now'  g  deviation  of  the  compass 
AK  and  declination  AM,  we  calculate  p  and  ft 

^-e-(#W:+AAf+A#f)  . 

When  taking  the  curve  of  deviation  It  Is  necessary  that  at  a  radius  of  at 
least  one  nautical  mile  there  are  no  other  ships  or  harbour  structures. 

The  power  of  radio  station  from  which  we  take  the  deviation  should  be  sufficient 
so  that  readings  are  absolutely  clear.  With  large  range  of  waves  of  the  direction 
finder  we  take  deviation  on  several  waves. 

Deviation  varies  with  change  of  the  drought  of  the  ship. 

So  that  there  is  no  error  from  parallax,  the  distance  from  the  loop  of  the  radio 
direction  finder  to  Instrument,  on  which  we  read  the  heading,  should  be  not  more  than 
1/192  of  the  distance  between  the  direction  finder  and  the  transmitter. 

If  In  the  radio  direction  finder  there  Is  no  means  of  compensation  for  devi¬ 
ation,  after  determination  of  deviation  and  construction  of  the  curve  of  deviation 
we  calculate  coefficients  of  the  expansion  of  the  curve  In  a  Fourier  series. 

Calculation  of  coefficients  of  deviation  Is  reduced  to  replacement  of  Integral 
expressions  of  coefficients  of  the  Fourier  series  by  the  sum  of  ordinates  of  the 
curve  of  deviation  at  definite  intervals  of  degrees.  In  Table  10.1  (see  Insert  at 
the  end  of  the  book)  there  Is  given  the  form  for  calculating  coefficients  of  devi¬ 
ation  using  ordinates  every  15°. 


Afttr  d«t«rainlng  cotfflclenti  of  dtvlfttlon  we  inspect  around  the  loop  of  the 
direction  finder  to  see  If  they  are  remowable  factors^  causing  any  abnonnally  great 
coefficient  (see  §  5*8) .  As  a  rule,  after  removal  of  factors  causing  deviation  It 
Is  necessary  to  again  take  the  curve  of  deviation. 

On  the  basis  of  the  obtained  results  for  subsequent  use  we  construct  curves  of 
deviation  or  compose  tables  of  deviation  for  approximately  every  chan^^e  of  q. 

If  In  the  radio  direction  finder  there  is  equipment  to  compensate  for  devi¬ 
ation,  then  we  first  determine  deviation  only  on  eight  headings!  0,  45#  90#  .... 
at  that  frequency#  at  which  compensation  Is  provided.  We  calculate  coefficients  A# 

D,  and  1,  which  compensate.  Ihen  we  take  residual  curves  of  deviation  by  one  of 
described  methods. 

iO.2.  Radio  Direction  Finder  on  an  Aircraft 

On  an  aircraft  radio  direction  finder  besides  normal  requirements  there  Is 
presented  an  additional  one  —  strength  of  construction  (loop,  receiver,  etc.)  with 
minimum  volume  and  weight.  Such  a  requirement  is  set  because  equipment  on  an  aircraft 
experiences  strong  shocks.  For  combat  shocks  the  receiver  is  fastened  to  special 
shock  absorbers. 

Aircraft  interferences,  in  two  forms  —  acoustic  and  electrical  —  adversely 
affect  actual  sensitivity  of  a  radio  direction  finder. 

In  light  of  the  impairment  of  the  actual  sensitivity  from  acoustic  interferences 
during  soxmd  direction  finding,  on  aircraft  they  apply  visual  radio  direction  finders, 
;'!iost  frequently  radio  compasses  and  radio  compasses. 

Basic  electrical  interferences  are  interference  from  ignition  and  Interference 
from  electric  generators  and  motors  of  the  aircraft.  Ihe  most  effective  method  of 
counteracting  interferences  of  ignition  is  conqplete  shielding  of  the  ignition  circuit. 
Other  methods  do  not  lead  to  complete  freeing  from  interferences  in  the  wide  band 
width  of  the  direction  finder.  Interferences  from  electrical  generators  and  motors, 
mainly  commutator  noises,  are  cancelled  by  blocking  their  circuits  with  chokes  and 
capacitances,  and  measures  are  also  taken  to  decrease  sparking. 

In  spite  of  all  the  measures  against  Interferences,  the  level  of  noises  on 
aircraft  is  greater  than  on  earth,  and,  consequently,  sensitivity  of  a  radio  direction 
finder  Is  worse. 

The  aircraft  radio  direction  finder  is  often  used  for  flight  on  a  ratio  station. 
In  this  ease  the  rotatable  loop  is  installed  across  the  airplane  fuselage  (the 
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goniometer  Is  set  at  0°),  and  the  course  of  aircraft  Is  regulated  In  such  a  manner 
that  the  loop  remained  In  the  position  of  bearing  (In  telephones,  zero  audibility, 
or  on  the  Indicator  of  the  semlcompass,  a  zero  reading). 

With  such  use  of  a  radio  direction  finder  from  wind  there  Is  created  drift  of 
the  aircraft  and  time  of  flight  Is  extended.  By  selection  of  a  leading  course,  at 
which  the  resultant  speed  of  the  aircraft  and  wind  coincide  with  the  direction  of 

flight.  It  Is  possible  to  achieve  a 
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Fig,  10,1,  Sample  deviation  curv'es. 


direct  line  of  flight;  for  this  we 
rotate  the  loop  a  bit.  Correct  rotation 
of  the  loop  can  be  Judged  by  preservation 
of  the  compass  reading.  If  we  maintain 
the  course  from  readings  of  the  radio 
direction  finder.  With  increase  of 
flight  poeed  the  Influence  of  wind  drift 
decreases. 

Orientation  and  check-out  of  the 
mounting  of  the  antenna  array  of  the 
radio  direction  finder  on  an  aircraft 
Is  carried  out  Just  as  on  a  ship. 

Taking  of  the  deviation  of  an  aircraft 
radio  direction  finder  In  air  presents 


difficulties.  Usually  we  place  the  aircraft  In  flight  position  on  the  ground  on  a 
rotating  circle  euid  turn  It  at  different  angles  to  a  local  transmitter,  located  a 
distance  of  at  least  2-5  X  from  the  aircraft  [10.1],  By  comparison  of  visual 
readings  end  radio  bearings  we  determine  deviation.  The  site  where  we  take  the 
deviation  should  be  free  of  disturbing  objects  (wires,  antennas,  trees,  etc,).  The 
procedure  for  taking  the  deviation  curve  and  analysis  of  results  for  an  aircraft 
radio  direction  finder  do  not  differ  from  the  procedure  and  emalysls  for  a  ship 
radio  direction  finder. 

Sample  deviation  curves  of  a  medium-wave  radio  direction  finder  on  an  aircraft 
are  given  In  Pig,  10,1. 

10,5,  Compensation  of  Deviation  In  a  Radio  Direction 
Finder  with  a  kotatable  Loop 

There  exist  several  methods  of  compensation  of  deviation  of  a  radio  direction 
finder.  They  can  be  divided  Into  two  groupsi  methods  of  mecheuilcal  compensation  of 
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deviation  and)  mathods  of  oloctrlcal  coapaniatlon  of  davlatlon. 

In  some  Installations  both  mathods  art  used  slmultanaously* 

Machanlcal  Mathods  of  Compansatlng  Davlatlon 

Principle  of  work  of  a  machanlcal  eompansator  Is  basad  on  tha  fact  that  the 
dial  (or  dial  Indicator)  on  which  the  bearing  Is  read  fitted  on  the  shaft  (of  the 
loop  or  goniometer)  by  an  auxiliary  davlea*  This  device  creates  displacement  of  the 
dial  (or  dial  Indicator)  with  respect  to  tha  loop  or  searcher  coll  of  the  goniometer 
an  angle,  equal  to  the  deviation,  and  thus  davlatlon  Is  compensated. 

In  Fig.  10.2  Is  depicted  a  system  of  four  levers  a,  b,  c,  and  d,  connected  at 
points  1,  2,  ?  by  hinges.  Between  points  1  and  3  there  acts  a  spring,  thanks  to 
which  hinge  2  and  the  roller  attached  to  It  constantly  press  on  disk  L.  Lever  a  Is 
connected  to  the  shaft  of  the  loop  (or  searcher  coll  of  the  goniometer);  lever  b  Is 
connected  to  the  dial  Indicator.  With  rotation  of  the  loop  shaft  the  dial  Indicator 
tracks  the  loop. 

If  disk  L  has  the  fora  of  a  circle,  then  the  angle  between  the  loop  and  the  dial 
Indicator  remains  constant,  since  their  relative  position  does  not  change.  Giving 
disk  L  the  corresponding  fora,  differing  from  a  circle.  It  Is  possible  so  to  move  the 
dial  Indicator  with  respect  to  the  loop  (leading  with  an  Indentation  and  lagging 
with  a  projection)  as  to  compensate  any  deflation  of  the  radio  direction  finder. 

Sometimes  Instead  of  disk  L  we  employ  flexible  steel  tape,  whose  fora  Is 
regulated  by  levers.  The  roller  goes  Inside  tape.  The  spring  draws  points  1  and  3 
together. 

The  mechanical  compensator  can  compensate  deviation  of  any  law.  However,  It  Is 
advisable  to  compensate  only  even  coefficients  of  deviation  D,  1  and  constant  devia¬ 
tion  A.  Actually,  If  one  were  to  co^>ensate 
semicircular  deviation  (B  and  0),  then,  reading 
the  bearing  not  from  the  correct  side  (q  ±  180°),  we 
make  an  error,  equal  to 

2(Bsio«+Ccos9). 

and  with  noncompensated  semicircle  of  deviation. 

If  we  do  not  consider  deviation,  error  Is  equal 
only  to 

Btiof+Ccos^. 


Fig.  10.2.  Mechanical 
compensator  of  devia¬ 
tion. 
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The  mechanical  compensator  cancels  deviation  on  one  wave.  For  other  waves  there 
are  given  tables  and  curves  of  residual  deviation. 

Electrical  Compensation  of  Deviation  by  Installing  a  Loop 

As  was  shown,  of  greatest  Importance  In  deviation  of  ship  and  aircraft  radio 
direction  finders,  working  on  medium  and  long  waves.  Is  quadrant  deviation.  Therefore 
In  practice  we  are  limited  to  electrical  compensation  only  of  this  deviation, 
although  In  principle  we  can  compensate  electrically  for  other  components  of  devi¬ 
ation.  We  already  saw  that  the  body  of  a  metallic 
ship  (aircraft,  dirigible)  creates  deviation  with  the 
same  law,  as  a  re-emlttlng  loop.  On  the  basis  of  this 
It  Is  possible  to  compensate  deviation  caused  by  the 
metallic  body  by  installation  of  an  auxiliary  frame. 

•nie  body  of  a  metallic  ship  (aircraft,  dirigible) 

Pig.  10.3.  Change  of  Is  equivalent  to  a  closed  loop  with  characteristic 

coefficient  of  devi¬ 
ation  D  with  change  wavelength  Xq,  approximately  equal  to  twice  the  length 

of  wavelength. 

of  the  body.  The  law  of  change  of  D  with  change  of  the 
received  wave  X  la  shown  In  Pig.  10.3.  Ideal  compensation  on  all  waves  could  have 
been  achieved  by  construction  aroxmd  the  direction  finder  loop  of  a  closed  loop  with 
parameters,  equal  to  parameters  of  the  frame  which  Is  equivalent  to  the  body.  In 
practice,  this  Is  unrealizable,  since  we  obtain  very  large  dimensions  of  the 
compensating  loop.  It  la  possible  to  construct  compensating  loops  of  smaller 
dimensions,  and  couple  them  to  the  direction  finder  loop  in  such  a  manner  as  to 
compensate  deviation,  e.g.,  on  long  waves.  Since  the  fixed  wave  will  be  much 
larger  the  characteristic  wave  of  such  an  additional  loop,  the  conqpensated  devia¬ 
tion  will  almost  not  vary  with  change  of  the  waves  of  direction  finding.  Tills  will 
occur  until  the  wave  approaches  the  characteristic  wave  of  the  frame,  equal  to  its 
perimeter.  It  turns  out  that  by  an  additional  loop,  practically  relizable,  it  is 
possible  to  compensate  coefficient  D,  constant  on  the  wave  range. 

For  a  great  many  aircraft  and  ships  in  their  working  range  of  direction 
finding  coefficient  D  remains  constant,  and,  consequently,  for  compensation  It  is 
possible  to  choose  a  compensating  closed  circuit. 

According  to  formula  (5.43)  we  had 
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whtre 


(}lv«n  the  area  of  compeneatlng  loop  It  le  poaelble  to  calculate  Lq^  and 
^ax  then  la  (N  ami  —  number  of  turns  and  the  arf-a  of  the  dlrf^tlon  finder 
loop  —  are  knovm).  From  m  we  calculate  coefficient  Df  compeniated  by  the  additional 
loop.  Thus,  by  approximation  It  la  poaelble  to  find  the  required  ccapenaatlng  loop. 

Sometimes  for  compensation  they  make  the  additional  loop  rigid,  consisting  of 
two  spaced  steel  rings,  fixed  motionlessly,  symmetrically  to  the  shaft  of  the  loop 

on  both  sides  of  It,  along  the  longitudinal  axis  of  the 
ship  (aircraft). 

By  changing  the  Inductance  of  coll,  %rhlch  closes 
the  rings  (Fig.  10.4),  It  Is  possible  to  achieve 
compensation  of  the  required  value  of  coefficient  D. 

'Die  adjustable  magnitude  In  this  construction  Is 

10.4.  Electrical  Compensation  of  Deviation 

in  a  boniometric  Radio  Direction  r'inder 


Pig.  10.4.  Fixed 
compensating  loops. 


COTtpensatlon  of  Quadrant  Deviation  D  sin  2q 

Earlier  It  was  shown  that  If  fields  created  by 
field  coils  of  the  goniometer  are  not  Identical  cuid  are  equal  to 

Hi  MtHC  MSKCt 

where  a  ^  1,  then  In  the  direction  finder  there  appears  error,  which  Is  expressed 
(4.l6)i 


a~l  ,  „ 

_  JTT'**** 

*-rn*"** 

nie  dependence  (4.16)  of  error  on  the  arrival  direction  of  the  wave  Is 
analogous  to  quadrant  deviation  from  the  hull  of  a  ship  (3>37)«  This  view  can  be 
used  for  compensation  of  qviadrant  deviation  In  gonlonetrlc  radio  direction  finders, 
creating  In  the  goniometer  an  error  the  opposite  of  the  deviation.  Field  colls  of 
the  goniometer  are  made  Identical)  to  produce  of  unequal  fluxes  one  of  the  field 
colls  (longitudinal)  Is  shunted  by  an  Inductance  of  a  combine  Inductance  and 
capacitance. 
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L«t  us  coniider  first  shunting  of  tho  field  coll  of  the  longitudinal  loop  by 
only  an  Inductance,  In  which  there  la  created  an  error  opposite  to  quadrant  devi¬ 
ation  D  sin  2q,  and  conr.t.ant  In  the  wave  ran/'t-*. 

Let  us  designate I 

Liong  —  inductance  of  longitudinal  loopi 

^trans  —  inductance  of  transvei-ct*  loop; 

—  Inductance  of  each  field  coll  (we  assume  they  are  Identical); 

Lg  shunting  Inductance; 

h^  —  virtual  height  of  each  loop. 

Wien  the  maxlmian  flux  In  the  goniometer  from  the  transverse  loop  is  equal  to 


fcE*.  . 


maximum  flux  from  the  longitudinal  loop  Is  equal  to 


It  _ 

. 


whence 


l  +  rf- 


^trans  "  ^long  " 


a« 


-L±_ 

'+t;+t  ’ 


(10.1) 


(10,1  ) 


Knowing  quadrant  deviation  of  the  radio  direction  finder.  It  Is  possible  to 
select  a  In  such  a  manner  that 


•“ITU* 


(10.2) 


l.e,,  so  that  there  Is  created  a  deviation,  opposite  In  sign  to  deviation  from  the 
hull.  Then  quadrant  deviation  of  radio  direction  finder  will  be  cancelled; 

Prom  formula  (10.1)  the  expression  for  shunting  Inductance  Lg  will  be 

+  •  (10.4) 

Usually  the  coll  for  shunting  longitudinal  loop  (compensating  choice)  Is  made  with 
leads,  where  they  are  chosen  In  such  a  manner  as  to  compensate  the  coefficient  of 
quadrant  deviation  D  approximately  each  degree.  Then  after  talcing  the  deviation 
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curve  It  li  simple  to  connect  the  corresponding  lead  of  the  coil. 

Since  from  equations  (iO.jJ)  and  (10,4)  It  Is  clear  that  Lg  does  not  depend  on 
wavelength,  then  the  compensated  quadrant  deviation  D  will  not  depend  on  the  wave. 

Quadrant  deviation,  not  depending  on  wavelength,  is  observed  with  waves,  larger 
than  5-10  lengths  of  the  ship  hull. 

In  this  calculation  we  disregarded  capacitance  of  feeders,  connecting  the  loops 
to  field  coils  of  the  goniometer.  If  we  consider  these  capacitances,  then  it  turns 
out  that  the  compensated  coefficient  of  quadrant  deviation  D  does  not  remain  constant 
on  different  waves,  but  grows  with  decrease  of  wavelength.  Sharpness  of  change  of  the 
compensated  coefficient  with  the  wave  depends  on  the  magnitude  of  the  capacitance 
of  the  feeders.  In  practice  the  coefficient  of  quadrant  deviation  of  a  ship 
(aircraft)  radio  direction  finder  also  grows  with  decrease  of  the  wavelength.  On 
long  waves  the  capacitance  of  feeders  is  small,  and  the  compensating  choke  can  be 
calculated  by  formula  (iO.4). 

Sometimes  after  connection  of  the  compensational  choke  designed  for  the  longest 
wave  and  determination  on  several  waves  of  residual  deviation  it  is  found  that  on 
shorter  waves  there  is  a  coefficient  of  quadrant  deviation,  increasing  with  decrease 
of  wavelength.  The  means  that  abruptness  of  change  of  the  compensated  coefficient 
D  with  the  wave  is  less  than  abruptness  of  change  with  the  wave  of  real  coefficient 
D.  In  such  a  case,  in  order  to  achieve  the  best  compensation  of  quadrant  deviation 
in  the  wave  range,  it  is  necessary  to  couple  an  additional  capacitance  in  the 
transverse  loop.  Conversely,  if  steepness  of  variation  of  the  ccmpensated  coef¬ 
ficient  D  with  the  wave  is  greater  than  steepness  of  variation  of  the  real  coef¬ 
ficient  D,  then  one  shotild  couple  the  capacitance  in  the  longitudinal  loop  [10.2]. 

In  a  two-path  automatic  radio  direction  finder  it  is  possible  to  coeq;>enBate  the 
coefficient  of  quadrant  deviation  D«  constant  in  the  frequency  range,  by  employing 
unequal  gain  factors  in  the  channels. 

Compensation  of  Quadrant  Deviation  X  cos  2  q 

During  the  analysis  of  the  gonlometric  system  we  saw  that  presence  of  coupling 
between  field  colls  of  the  goniometer  leads  to  the  appearance  of  quadrant  error  of 
form  S  cos  2q.(§  4.6),  where  (4,27) 
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ifhtre  —  coupling  Impodance  bttweon  fiald  colls  j 
Z  —  iBqpodanco  of  loop  circuit | 

—  has  totally  real  value.  If  we  disregard  active  components  of  and  Z. 
Simultaneously  there  appears  octant  error  K  cln  4q,  where 


By  choice  of  coupling  Impedance  Z  It  Is  possible  to  compensate  quadrant  devl- 
atlon  I  cos  2q« 

'Rie  simplest  method  of  creating  of  coupling  between  field  colls  Is  connecting 
Inductances  (compensatlonal  chokes)  between  the  field  colls  (Fig.  10.3). 

In  Pig.  10.5a  we  designate! 

L  —  Inductance  of  loop] 

—  Inductance  of  field  coll] 

L2  —  Inductance  of  coupling  coll  (compensatlonal  choke)] 

—  Inductance  of  searcher  coll. 

Let  us  disregard  active  resistances  of  loop  circuits.  We  determine  the  expres¬ 


sions  for  Z  and  Z^.  We  designate  (Fig.  10.5b)  resistance  of  the  part  of  the  circuit 


below  points  aa,  but  above  points  bb  by 
X.  Impedance  of  the  loop  circuit  Is 


Z«/(«L  +  X). 


We  find  the  expression  for  from  the 
Influence  of  circuit  II  on  circuit  Ii 


Z.*/(.L  +  Z) 


Compensated  coefficient  01*  deviation 


will  be 


Fig.  10.5.  Compensation  of  deviation 
X  cos  2q. 


£ 


z. 


(10.5) 


Formulas  (10.4)  and  (10. 5)  for  compensated  coefficients  of  deviation  1  and  D  are 


absolutely  Identical. 

« 

Consequently,  Inductance  of  colls  Lg  for  compensation  of  deviation  E  cos  2q 
should  be  calculated  Just  as  Inductance  of  the  coll  for  compensation  of  deviation 


D  sin  2q, 
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A  iihlp  radio  direction  finder  with  a  goniometer  eyetem  uaually  la  equipped  with 
three  Identical  compensatlonal  chokes  with  leads  for  coapeneatlon  of  deviation  every 
1®,  One  choke  serves  to  compensate  coefficient  of  deviation  D,  and  we  connect  It  In 
parallel  to  the  longitudinal  loop  of  the  radio  direction  finder.  Two  other  chokes 
serve  to  compensate  coefficient  of  deviation  1}  they  are  connected  between  terminals 
of  the  field  colls. 

In  comparison  of  mechanical  and  electrical  methods  of  compensation  of  deviation 
one  should  note  the  basic  deficiency  of  mechanical  systems  —  lowering  of  accuracy 
of  reading  of  bearing. 

Let  us  assiune  that  the  design  and  electrical  circuit  of  a  radio  direction 

finder  permit  with  a  given  certain  field  strength  of  the  fixed  radio  station, 

wavelength  and  average  observer  a  certain  accuracy  of  bearing  reading  (error  Aq). 

By  a  mechanical  deviation  compensator  we  compensate  quadrant  deviation 

/sDsin2q. 

The  true  bearing,  corrected  by  the  mechanical  compensator.  Is 

P=^^4-/=^+*>sin2q. 

Error  of  reading  Ap  will  be  obtained  by  differentiation  of  p  with  respect  to  qi 

-^2D  cos  2^)- 

When  q  ■  45*  135»  225  and  315®#  Ap  ■  Aq,  l,e,,  accuracy  of  reading  does  not 
change. 

When  q  -  0,  90,  180  and  270®,  Ap  -  Aq{l  ±  2D),  where  D  Is  expressed  In  radians. 

Accuracy  of  the  taken  bearing  depends  on  D.  Thus,  If  D  -  15®;  2D  ■  30®  ■  ■ 

■  0,505  rdn,  then  Ap  =■  l,5Aq, 

With  growth  of  D  Inaccuracy  of  reading  of  bearing  on  a  radio  direction  finder 
with  a  mechanical  compensator  of  deviation  increases,  so  that  work  will  be  especially 
bad  when  D  Is  great. 

Electrical  methods  of  compensation  do  not  possess  this  deficiency. 

The  mechanical  compensator  of  deviation  creates  additional  error  when  there  Is 
an  angle  of  silence  (oscillation  of  the  pointer  of  the  Indicator  because  of  noises, 
etc,).  Indeed  let  us  assume  that  on  the  dial  of  the  radio  direction  finder  limits 
of  the  angle  of  silence  will  be 

True  bearing  Is  equal  to 

^  »  fL^|2L  D  sin  (qr. -f. 
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Bearlnf  on  dial  is  defined  ae  the  arithmetic  mean  of  and  p^i 

(iln  2», + tin  a»  J 

or 

/•—  +Vi)cos(^,  -  g,). 

Error  In  reading  of  bearing  will  be  determined  from  expression 

For  any  angle  of  silence,  determined  by  -  qg,  maximum  error  will  be  at  q^^  +  q^  - 
■  90°.  "nien 

|«m..|=D(I -eo.  (,.-».)! =20  ). 

If  D  -  20°,  q^  -  65°,  qg  -  25°,  i.e.,  angle  of  silence  Is  40°,  then 

|A,u„|«4(Piln«20®=4'».  7. 

10.5.  Land  (Airport,  Shore)  Radio  Direction  Finder 

The  antenna  system  of  a  ground  radio  direction  finder  should  be  Installed  as 
far  as  possible  from  re-emlttlng,  current- conducting  objects  on  a  site  with  good 
ground  conductivity.  At  the  place  of  installation  of  a  radio  direction  finder  there 
should  be  no  Industrial  Interferences,  Impairing  Its  sensitivity  and  accuracy.  The 
place  should  be  selected  so  that  It  Is  convenient  as  far  as  access  roads,  power 
supply,  communication  circuits,  and  so  forth.  It  should  be  suitable  for  work  In 
the  RDF  network  (see  Chapter  11), 

Let  us  discuss  In  greater  detail  the  fitness  of  the  place  from  the  point  of 

view  of  ground  conductivity  and  surroundings. 

Requirements  for  ground  conductivity  are  determined  by  the  type  of  antenna 

system  of  the  radio  direction  finder.  This  question  Is  considered  In  Chapter  6.  If 

there  Is  Installed  an  antenna  system,  whose  feeders  must  be  protected  from  reception 

of  a  horizontally  polarized  electrical  field,  for  Instance  a  U-shaped  gonlometrlc  or 

phase  system  uf  spaced  vertical  antennas,  the  ground  conductivity  on  the  antenna 

-2  1 

site  should  be  at  least  10  o'hm«m  feeders  are  burled  In  the  ground,  and  at 

-■5  1 

least  10  there  Is  applied  a  ground  metallizing  network, 

around  conduct:  /Ity  can  vary  from  month  to  month.  For  determination  of  average 
or  minimum  ground  conductivity  by  separate  measurements  see  [10.8],  Ground 
conductivity  should  be  measured  not  only  on  the  surface,  but  at  the  depth  of  laying 
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of  feeders  (about  2  m  with  burying  of  feeders) •  During  measurement!  It  Is  necessary 
to  consider  the  depth  of  penetration  of  electromagnetic  waves  In  the  soli.  In 
addition  to  Fig.  6.3  In  Table  10.2  there  are  given  for  soils  two  values  of  depth 
conductivity  where  field  strength  decreases  to  1/10  with  respect  to  the  field  at 
the  surface.  One  should  also  turn  attention  to  whether  ground  conductivity  Is 
Identical  within  the  antenna  site  (see  §  3.2). 

In  Table  10.3  there  are  given  permissible  minimum  distances  to  certain  reverse 
emitters  or  permissible  angles  of  visibility  when  using  an  antenna  system  with  a 
cosine  directivity  pattern  [10.6],  With  incr  \se  of  separation  of  antennas  errors 

from  the  Influence  of  reverse  emitters  decrease 

Table  10,2.  Depth  of  Pen-  (§  5,3)  and,  correspondingly,  distance  to  emitters 
etratlon  of  Radio  Waves, 

at  Which  Field  Strength  decreased.  Distances  of  Table  10,3  are  given 

Decreases  to  1/10, 

_  separately  for  long  and  medium  waves  (range  of 

I  Depth  of  p.Mtnitlon,  m 

frequencies  100  Kc  to  1.5  Me),  short  waves  (range 
of  frequencies  1.5  to  30  Me)  and  ultrashort  waves 
(30  to  400  Me)  and  for  two  cases) 

a)  when  expected  mean  quadratic  error  0  from 
the  Influence  of  the  reverse  emitter  0  has  a  value 
on  long,  medium  and  short  waves  of  1®,  and  In  UHF 
range  0.5®j 

b)  when  expected  mean  quadratic  error  0  from 
Influence  of  reverse  emitter  has  value  on  long,  average  and  short  waves  of  5°/  end 
In  UHF  range  2°.  The  easier  requirements  pertain  to  the  case  vrtien  It  Is  possible 
to  permit  the  worst  accuracy  in  light  of  other  advantages  of  the  place. 

Simultaneously  with  errors  there  can  be  observed  blurred  minima  during  sound 
direction  finding  and  an  elliptical  Image  of  bearing  In  a  two-channel  visual  radio 
direction  finder,  If  phases  of  fields  of  the  forward  and  reverse  emitters  do  not 
coincide.  In  composing  Table  10.3  It  was  assumed  that  the  re-emltter  creates 
maximum  possible  error  without  Impairing  the  actual  reading. 

The  table  was  composed  on  the  basis  of  experimental  materials  and  calculating 
formulas  of  errors  from  reverse  emitters,  having  regular  geometric  forms  (sphere, 
hemisphere,  cube,  mirror  surface,  vertical  wire,  horizontal  wire,  etc.). 


£  < 

• 
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1 
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Tablt  10,3*  Rtqulrtmtnt  to  Ensure  Normal  Work  of  a  Hadlo  Direction  Finder 


Number 

of 

point 

Causes  of  error  and 
parameters  limited 
by  them 

Averag< 
waves  1 
to  1.5 

1,  medlUB 
100  Kc 

_ 

Admissible  values 

1  Short  waves  Ultrashort  waves 

(1.5  to  30  Me)  (30  to  400  Me) 

1 _ 

m 

m 

PIP 

I 

Slope  of  section^ 
deg 

_ 1 

B 

2 

0.5 

2 

■ 

1 

II 

1 

1 

1 

1 

1 

Vertical  cor 

—  for  a  grov 
one  of  lengl 

—  0,1  X  (vei 
angle,  deg) 

—  for 
grounded 
one  1  - 

—  0.25  X 

—  for  un¬ 
grounded 
one  l  ■ 

—  0.5  X 

—  for  un¬ 
grounded 
one  length 
several  X  J 

iductors 
inded 
ih  1  ■ 
'tlcal 

(dls- 
’  tance) 

10 

71 

1 

1 

71 

15  m 

1 

?A 

151 

30  m 

41 

III 

Slanted  cond 

—  In  gen-  \ 
eral 

—  angle 
of  Incli¬ 
nation 

45°  X 

luctors 

(dis¬ 

tance) 

Approximately  as  In  point  II 

Half  as  large  as  In  point  II 

IV 

Horizontal  > 

—  telegraph 
at  height 

h  ■  6-7  m 

—  higher 
suspension 

H 

rires 

> 

(dis¬ 

tance, 

m) 

y 

180- 

200 

(180- 
200  )§ 

45 

See  medlxan  wavelengths 

90 

V 

Wire  barrier 
(distance,  m) 

Does  not  Influ¬ 
ence  If 
grounded 

90 

45 

180, 

30 

[10.7] 

90 

VI 

Large  conducting 
objects 

—square  \ 

In  area 

X  X  X  1  (dls- 

—  other  tance, 

area  X) 

y 

See  point  IX 

Varies  In  propor 

25 

tlon  to  are 

5 

a  of  ob 

50 

Ject 

15 
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(Tabl«  10,3  contlnutd) 


Number 

of 

point 

Admissible  values 

parameters  limited 
by  them 

Average,  medium 
waves  (iOO  Kc 
to  1,  Me) 

Short  waves 
(1,5  to  50  Me) 

Ultrashort  waves 

(30  to  '1^0  Me) 

my 

0  ■  5  1 

,  0 

0-1 

0  »  U.  'f* 

VII 

Forest 
-single  > 
trees 
-large 

group  of  ' 

trees 

h'j 

350 

1 

i 

20 

90 

90 

700 

20 

90 

9C 

360 

45 

i80 

VIII 

Isolated  hills 
(vertical  angle, 
deg) 

Mowtainous  site 

2 

5 

Jot  fit  f 

2 

or  installs 

5 

.tlon  of 

Shoul 

out 

RDF 

d  not  black 

IX 

Buildings 

—small  nonconduct¬ 
ing  (vertical  angles 
distance) 

—large  conducting 
ones  (distance,  m) 

2° 

90  m 

400 

600  m 

1 

X 

Buildings  housing 
RDF 

If  ante: 
woodei 

mas  are  i 

mounted  in 

building 

1  it  sh( 

ould  be 

XI 

Takeoff  and  landing 
reinforced  concrete 
airport  runways 
(distance) 

45  m 

No  in¬ 
fluence 

X 

Wo  in¬ 
fluence 

X 

No  Influence 

1 

XII 

River  (distance,  m) 

No  in¬ 
fluence 

»o  influ- 
snee 

300 

No  influence 

XIII 

Ditches,  embank¬ 
ments  (distance,  m) 

50 

50 

50 

50 

90 

50 

XIV 

Railroad  rails 
(distance,  m) 

90 

90 

If  the  dlptance  to  the  reverse  emitter  differs  from  that  shown  In  the  table,  one 
should  consider  that  field  strength  from  the  reverse  emitter,  and  consequently  also 
the  error  vary  on  long,  medium  and  short  waves:  if  the  distance  to  the  emitter  is 
less  than  0,1  X  It  is  Inversely  proportional  to  cube  of  distance  D  (by  dependence  ±/Jp); 
If  distance  is  more  than  X,  it  varies  as  i/D|  in  range  of  frequencies  above  30  Me 

O 

with  distance  of  several  wavelengths,  it  varies  as  i/D  . 
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Total  Boan  quadratic  arror  from  aavaral  ravaria  amlttari,  aach  of  which  cauaas 

arror  Og,  a^,  ,,,,  1b  most  correctly  calculatefi  by  the  formula 

Iha  slta  choaan  for  Inatallatlon  of  tha  antenna  system  after  external  Inspection 
at  a  radius  of  several  wavelengths  usually  Is  Inspected  for  faults  by  a  portable  radio 
direction  finder  and  local  transmitter,  carried  or  transported  on  motor  vehicle, 
ship,  or  aircraft  around  the  antenna  system,  or  by  direction  finding  of  radio  stations 
whose  locations  are  known,  'nie  site  Is  considered  suitable  for  a  radio  direction 
finder.  If  mean  quadratic  error  does  exceed  tolerable  limits.  So  that  It  Is  possible 
to  use  a  local  transmitter,  around  its  antenna  at  a  radius  of  about  0.5  there 
should  not  be  reverse  emitters. 

Distance  from  the  transmitter  to  the  center  of  the  antenna  system  of  the  radio 
direction  finder  should  be  at  least  (l-1.5)X„-_  and  3-4  times  greater  than  the 
separation  of  antennas  In  the  antenna  system  of  the  radio  direction  finder. 

Inspection  of  the  site  permits  determining  the  order  of  errors  expected  during 
operation. 

When  constructing  the  home  for  a  direction  finder  one  should  avoid  construction 
of  metal  drain  pipes  and  lightning  rods.  At  a  distance  of  about  I50  m  from  the 
house  electrical  and  telephone  wiring  must  go  into  underground  cable. 

If  the  antenna  system  of  vertical  antennas  is  mounted  around  the  location  with 
the  receiver-indicator,  then  power  emd  communication  cables  should  be  brought  in  sym¬ 
metrically  to  a  pair  of  adjacent  feeders,  on  the  bisector  of  the  angle  between  them. 

Wiring  Inside  the  building  should  be  very  close  to  the  floor,  avoiding  creation 
of  loops  (frames).  If  the  radio  direction  finder  is  installed  together  with  the 
transmitter,  the  antenna  of  the  latter  should  be  mounted  symmetrically  to  the  outdoor 
array  of  the  direction  finder,  whose  vertical  -•  itennas  are  set  around  the  building. 

In  the  case  of  installation  of  several  outdoor  i  cays  on  one  site  to  solve  the  problem 
of  the  permissible  minimum  distance  between  antenn.;  systems  one  should  be  guided  by 
the  fact  that  zenith  angle  at  which  one  can  see  outdoor  display  from  the  center  of 
the  other,  should  be  no  more  than  2-3°. 

With  a  slanted  site  with  slope  permissible  according  to  Table  10.3  vertical 
antennas  In  the  system  should  be  set  normally  to  the  plane  of  the  site. 
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In  a  hilly  iltt  tht  bait  plica  la  aunlt  of  i  aaeludad  roxmd  hill/  which 
domlnitaa  tha  ramilnlng  hills. 

Tha  Inatallad  radio  dlractlon  flndar  bafora  usa  la  callbratad  by  a  local  trans- 
mlttar,  obaarvlng  hara  tha  shown  raquislta  dlstancas  batwaan  transalttar  and  antanna 
syatam  and  satisfying  raqulramants  on  surroundings  of  tha  transmlttar  antanna/  or  by 
distant  radio  stations. 

Tha  radio  dlractlon  flndar  Is  callbratad  also  parlodlcally  during  oparatlon  to 
chacK  Its  accuracy.  To  parmlt  parlodlc  calibration  dlmanslons  of  tha  dlractlon 
finder  site  which  are  free  from  ra>aiaittars  are  Increased/  since  aound  tha  antanna 
of  tha  transmlttar  there  also  should  be  no  ravarsa  emitters.  As  a  result  of  analysis 
of  calibration  materials  wa  obraln  an  estimator  of  the  accuracy  of  direction  finding. 
If  the  obtained  constant  errors  are  confixmad  by  oparatlon  specifications  of  the 
radio  dlractlon  flndar/  they  are  considered  corrections  to  bearings.  Sometimes 
results  of  calibration  help  us  to  find  and  remove  the  cause  of  large  errors. 

It  Is  necessary  to  consider  that  errors  from  a  local  transmitter  can  differ 

from  errors  from  distant  radio  stations  because  of  noncoincidences  of  relative  phases 

of  fields  of  forward  and  reverse  radiation 

when  fixing  local  and  distant  transmitters. 

Let  us  determine  such  a  minimum 

distance  to  a  local  transmlttar  that 

errors  from  local  and  distant  transmitters 

differ  by  not  more  than  10^  (Pig.  10.6). 

In  the  figure  wa  designated t 

DF  —  radio  dlractlon  flndar j 

RE  —  ravarsa  emitter  at  distance  X 
from  direction  flndar j 

LT  —  local  transmlttar  at  distance  D  from  dlractlon  flndar  (D  »  X). 

Difference  of  phases  of  fields  of  forward  and  reverse  radiator  during  dlractlon 
finding  of  a  distant  radio  station  will  be 


Fig.  10.6.  Dlractlon  finding  of 
near  and  distant  transmitters. 
KEYt  (a)  [Designation  uncertain, 
Rst  could  be  radio  station]. 


nr* 


The  same  difference  of  phases  from  a  local  transmlttar  Is 


or 


fb-f. +*T-T-lJf ®)l 

^•Tzr* 
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Error  In  dlroetlon  finding  li  proportional  to  tht  coilnt  of  th«  dlfftronco  of 
phaaai  of  tha  fialda  of  tha  forward  and  ravarta  radiators. 


To  satisfy  tha  fonsulatad  raqulramant  for  parmlsslbla  dlffaranea  of  errors 

.  -  .  COB  ao 

during  dlraetlon  finding  of  local  and  distant  tramsmlttars*  condition  ^  0.9 

CO0 

should  ba  satlsflad.  Slnca,  for  >  0  ms  +  Aa)  •«  nos  a^^  -  /a  Bln  a 


COB  a^ 


1  -  ^a  tan  aj^  and  Aa  tan  aj^  ^  0.1  or  we  should  have 


Consequently,  whan  X  ■  100  m  we  shovild  have  conditional 

for  X  -  500  m,  D  a  1.7  kmj  for  X  -  12  m,  D  a  45  Km. 

On  short  waves  these  requirements  are  not  practically  feasible.  Even  If  calibration 
Is  performed  at  the  required  distance,  error  varies  with  the  frequency,  azimuth  and 
height  of  location  of  the  transmitter.  In  Table  10.4  there  are  calculated  changes 
of  frequency,  azimuth  and  angle  of  inclination  of  the  wave  front,  corresponding  to 
change  of  error  of  bearing  from  the  Influence  of  the  reverse  radiator  from  a  maximum 

value  down  to  zero.  It  Is  assumed  that  tha  reverse  radiator  Is  a  distance  of  100  m 

from  the  antenna  system  of  the  radio  direction  finder. 

From  the  presented  It  follows  that 

Table  10,4*  Changes  of  Frequency,  Azimuth 

and  Angle  of  Inclination  of  the  Wave  Front,  calibration  by  a  local  transmitter 
Corresponding  to  Change  of  Error  from  a 

Maximum  to  Zero  cauinot  reveal  systematic  errors  of  the 

radio  direction  finder,  which  are  found 
by  selection  of  bearings  by  distant 
radio  stations,  whose  locations  are 
known,  and  as  a  result  of  prolonged 
study  of  the  operation  of  the  radio 
direction  finder. 
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CHAPTER  11 

ACCURACY  OF  POSITION  FINDING  BY  RADIO  BEARINGS 

List  of  Designations  Appearing  In  Cyrillic 

K  -  clrc  ■  circular 

MMH  e  min  -  minimum 

3  ■  ell  *=  ellipse 

3  =  op  ■  operational 

n  *  RDF  ■  radio  direction  finder 

In  order  to  obtain  good  results  In  direction  finding.  It  Is  necessary  to  have 
radio  direction  finders,  possessing  sufficient  accuracy  and  sensitivity,  which  should 
be  properly  situated  and  correctly  used.  It  is  necessary  also  to  be  able  for  each 
fix  to  estimate  bearings  and  to  find  from  bearings  and  estimations  of  them  the  most 
likely  place  or  region  for  finding  the  fixed  target. 

In  the  present  chapter  we  consider  methods  of  appraisal  of  a  single  bearing  and 
accuracy  of  position  finding  from  bearings  of  n  radio  direction  finders,  and  also 
methods  of  construction  of  working  zones  of  two  radio  direction  finders. 

At  the  base  of  chapter  lies  application  of  the  statistical  theory  of  errors  to 
radio  direction  finding. 


11,1.  Methods  of  Estimating  a  Single  Bearing 
Errors  during  direction  finding,  as  shown  In  §  2.4,  are  divided  in  errors  of 
the  system,  which  can  be  allowed  for  In  the  form  of  corrections,  and  random,  which 
cannot  be  allowed  for  by  corrections.  Random  errors  characterize  an  individual 
reading  of  bearing. 

In  order  to  determine  the  position  of  a  target  euid  to  calculate  position  error 
from  bearings  of  n  radio  direction  finders,  it  Is  necessary  to  know  estimator  of 
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errors  of  bearings.  On  the  basis  of  large  number  of  observatl  )ns,  conducted  over 
a  prolonged  time,  there  can  be  found  the  mean  quadratic  operational  erro 
radio  direction  finder  o^p.  However,  eatlmated  moan  quadratic  error  of  dividual 

bearing  may  differ  considerably  from  o^p,  especially  on  short  waves. 

Sometimes  we  use  subjertlve  estimation  of  the  bearing  by  the  operator,  for 
which  we  beforehand  establish  4-5  categories  of  bearings  (for  Instance,  by  quality 
of  readings,  by  degree  of  their  stability,  etc).  For  each  category  of  bearing  we 
experimentally  establish  the  mean  quadratic  angular  error.  Subjective  estimation 
with  known  accuracy  can  be  applied  only  on  ultrashort,  medium,  and  long  waves,  since 
on  these  wave  ranges  mean  quadratic  error  for  the  outlined  categories  of  bearings 
should  be  preserved.  On  shortwaves,  where  there  are  too  many  factors  affect  In/’;  the 
accuracy  of  direction  finding,  subjective  estimation  may  lead  to  Incorrect  results. 

It  Is  better  to  employ  objective  estimation  of  bearings  [11.4,  11.5],  which  Is 
based  on  the  physical  picture  of  propagation  and  conditions  of  direction  findin/^  of 
short  waves.  We  give  In  [11.5]  a  method  of  estimating  bearings  on  short  waves. 
Analysis  of  random  errors  of  a  short-wave  radio  direction  finder  shows  that  they  can 
be  divided  Into  three  statistlcallv  non-connected  groups  wlch  dispersions  V^, 

Vy  deg2. 

1%  Errors  varying  very  slowly  In  time  —  error  of  Instruments  and  from  the  in¬ 
fluence  of  the  position  (near  and  dlstauit  surroundings).  For  the  dispersion  of  these 
errors  it  Is  possible  to  write: 


where  —  a  component  which  does  not  depend  on  frequency,  varies  from  0.1 

2  2 

deg  to  1  deg  depending  upon  the  antenna  system  of  the  radio  direction  finder  and 
the  site  of  Its  Installation;  “  component,  depending  on  frequency.  On  the 

basis  of  operational  specifications  one  may  assume  that  where  A  — 

constant  coefficient,  depending  on  the  quality  of  the  installation  site  and  separa¬ 
tion  of  the  antenna  system;  b  —  coefficient,  dependent  on  frequency: 

—  for  frequencies  2-4  Me,  b  •»  1; 

—  for  frequencies  4-9  Me,  b  «  2; 

—  for  frequencies  above  9  Me,  b  «  5, 

2.  Errors  varying  slowly  In  time  —  errors  from  lateral  deviation  of  radio 

waves  during  reflection  from  the  Ionosphere.  This  error  depends  on  the  distance 

and,  to  an  extent,  on  the  time  of  day;  because  of  the  large  period  of  change  this 

error  usually  Is  not  averaged  during  the  time  of  taking  a  bearing  (§  6,4).  Values 
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’ll. 

il 

b 


of  dispersion  of  lateral  deviation  V2  deg^  ■  ♦(D)  are  given  In  Fig.  6.18  for  a  small- 
base  antenna  system. 

3.  Errors  varying  rapidly  In  time  —  errors  from  Interference  of  radio  waves 
and  polarization;  here  there  enters  subjective  error  of  operator  readings.  These 
errors  are  averaged  by  the  operator.  The  operator  usually  takes  several  (5-12) 
averaged  readings,  each  of  which  Is  the  result  of  observations  for  5-10  sec.  With 
greater  duration  of  each  separate  averaged  reading  the  operator,  who,  as  a  rule,  re¬ 
calls  the  picture  of  the  bearings  only  for  the  last  5-10  sec,  will  waste  part  of  the 
time  of  direction  finding. 

Let  us  assume  that  the  operator  took  n  averaged  readings,  obtained  average 
bearing  0,  the  difference  between  maximum  and  minimum  values  of  averaged  reading 
r  deg,  and  observed  during  the  time  of  taking  of  a  separate  averaged  reading  varia¬ 
tion  of  the  bearing  B  deg. 

Dispersion  Is  calculated  by  the  formula 

Vi*KM+V*t. 

Proceeding  from  the  normal  law  of  distribution  of  errors  of  bearings 

Component  of  dispersion  considers  subjective  error  of  the  operator.  It 
depends  on  limits  of  variation  of  bearing  6  during  the  time  of  taking  averaged 
readings  on  a  cathode-ray  tube  or  on  the  angle  of  silence  during  a  sound  method  of 
direction  finding  by  a  minimum. 

In  [11.5]  it  Is  proposed  to  determine  V^g  on  the  basis  of  magnitude  of  play  of 
the  bearing  during  the  time  of  an  averaged  reading  or  the  angle  of  silence  within 
limits ; 

0—8^  V*s=*0  deg^; 

V„*l  deg^; 

I4-18»  V««:2  deg2; 

\9r-93f*  deg^; 

14-S7»  deg2; 

to  above  38®  deg^i 

Thus,  total  dispersion  of  error  of  bearing  will  be 

where 

Dispersion  V,  or  mean  quadratic  error  a  -  W,  together  with  mean  bearing  0  are 
used  for  plotting. 
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The  Indicated  coefficients  for  calculation  of  components  of  dispersion  are 
empirical  and  must  be  deflnltlzed  on  the  basis  of  a  check  direction  finding  of  radio 
stations,  whose  positions  are  known, 

11.2.  Ellipse  of  Error  with  n  Radio  Direction  Finders 

Let  us  assume  that  a  radio  station,  located  at  point  0  (Fig,  11,1)  Is  fixed  by 
n  radio  direction  finders;  (RDP)^,  (RDF)2»...»  (RDF)^,  and  there  are  obtained  bear¬ 
ings  02*  •••*  ®n*  angular  errors  of  bearings  as  a  result  of  plotting  we 

formed  a  polygon  of  fixing  (abcdef). 

We  designate: 

^1*  ^2*  ~  angular  errors  of  radio  bearings; 

Oi,  02*  ...»  *”  quadratic  angular  errors  of  bearings. 

In  Fig,  11.2  there  is  depicted  line  of  bearing  of  one  (J-th)  radio  direction 
finder.  Let  us  place  the  origin  of  coordinates  at  point  0,  the  true  position  of  the 
radio  station,  axis  OX  we  direct  along  parallel,  axis  OY  along  the  meridian  of  point 
0.  Let  us  designate  by  Pj  the  length  of  the  perpendicular  from  point  0  to  the  line 
of  bearing  (RDF)jK;  Pj  ■  where  Dj  —  distance  between  (RDF)j  and  0. 

Let  us  assume  that  as  a  result  of  plotting  lines  of  bearings  on  a  map  for  the 
position  of  the  radio  station  we  take  point  S  with  coordinates  x,  y,  at  distance 
Qj  from  line  of  bearing  (RDF)jK, 


We  consider  that  bearings  can  be  plotted  in  the  form  of  straight  lines. 
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Fig.  11.2.  Calculating  probability 
density. 


For  qj  It  is  possible  to  write: 

f j— + Jrcoi  — ^iln  V 

The  probability  that  the  distance  from 
point  S  to  line  of  bearing  (RDF)jK  lies  be¬ 
tween  q.  and  q.  +  dq..  Is  determined  by 

•1  iJ  «J 

formula 

where  ■  Ej  —  mean  quadratic  deviation 


of  the  line  of  bearing  from  the  true  position  of  the  radio  station. 

Analogous  expression  can  be  written  for  other  lines  of  bearings.  Total  prob¬ 
ability  that  the  assumed  location  of  the  radio  station  S  is  found  from  n  lines  of 
bearings,  taken  from  points  (RDF)^,  (RDP)2,  ,,,,  (RDF)^,  at  distance  from  q^^  to 
q^  +  dq^,  from  qg  to  qg  +  dq2,  ...,  from  q^  to  q^  +  dq^,  correspondingly,  will  be 


fl*  •  •  •• 


I 


(*■)’’ EiBi 


.-"s 


a 


(11.1) 


From  the  principle  of  least  squares  coordinates  (x^,  y^)  of  the  most  probable 
position  of  the  fixed  radio  station  are  found  from  the  condition  of  a  maximum  of 
expression  (11,1)  or  a  minimum  of  exponent  e.  To  determine  Xq,  one  should  equate 
to  zero  derivatives  with  respect  to  x  and  y  of  exponent  e  in  (11,1),  We  obtain  two 
equations: 


-^Ax-By^O, 
+  Bx-rCy—0, 


from  which  It  follows  that 


Ccoilj  1 

“  *!  ]’ 


(11.2) 
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where 


Point  (Xq,  Yq)  the  most  likely  place  of  finding';  the  radlu  r.tatlon  and  Ic  called 
the  center  of  probability. 

Let  us  transfer  the  origin  of  coordinates  to  point  (x^,  y^).  Then,  the  prob¬ 
ability  of  finding  the  radio  station  at  any  point  with  coordinates  (x,  y)  will  he 

•  • 

P(jc,  y)rfjcrfy= dxdy.  (11.^0 

From  the  right  side  of  equality  (11.4)  we  see  that  only  exponent  e  depends  on 
variables  x  and  y.  Consequently,  probability  P  varies  only  with  change  of  exponent 
e.  Assuming  that  the  exponent  is  equal  to  a  constant,  we  obtain  the  equation  of  a 
contour,  on  whose  boundaries  the  probability  of  finding  the  radio  station  within 
limits  of  elementary  areas  dxdy  has  a  constant  value,  i.e.,  the  equation  of  the  con¬ 
tour  of  constant  probability  density.  Let  us  designate  exponent  e  by  coefficient 
1  2 

-j-Kq.  Then  expression 

Ajf*— (11.5) 

determines  the  locus  of  ooints  with  identical  probability  density  P(x,  y)  dxdy  ■ 

■  const.  Equation  (11.5)  is  the  equation  of  am  ellipse  with  its  center  at  point 
(Xq*  Yq)*  contours  of  constamt  probability  density  are  ellipses  with  their 

center  of  the  center  of  probability. 

To  determine  the  integral  probability  of  finding  the  object  of  direction 

finding  inside  the  ellipse  constructed  for  the  given  value  of  K^,  one  should  inte¬ 
grate  the  expression  for  differential  probability  (11.4)  within  the  area  of  the 
ellipse 

A  fr  -f  . 
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We  replace  axeo  x,  y  by  axes  x»,  y',  turning  them  angle  y,  where  tan  27  ■ 
2B 

C  A* 

Then  we  replace  axes  x»,  y*  by  axes  x**,  y'>: 


jT— 


where  Bq  and  b^  —  semiaxes  of  a  unit  ellipse. 


••• 


_ VJ_ _ 


Let  us  turn  to  polar  coordinate  axes 


and 

dj^diT^tdfd^. 


Making  these  replacements,  we  obtain  the  following  expression  for  integral 
probability  ^ell* 


We  consider  ■  2u,  then  pdp  ■  du: 


p. 


Integral  probability  is  determined  by  formula 

-•M* 


from  which 


ir.-iK-3la(I -/>.). 


(11.6) 


Thus,  Kq  in  equation  (11.5)  Is  calculated  by  formula  (11.6),  depending  upon 
the  given  integral  probability  **ell’  Below  we  give  coefficients  Kq  for  various 

values  of  (Fig.  11.3  and  Table  11.1). 

2  2 

If  Kq  ■  1,  we  obtain  the  equation  of  the  so-called  unit  ellipse  Ax  -  2Bxy 

+  Cy  ■  1,  and  ■  59 

We  combine  axes  of  the  right-angle  system  of  coordinates  with  principal  axes 
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of  the  ellipse  of  probability.  Equation  (11.5)  of  the  ellipse  takes  the  form 


6% 


Table  11.1 


• 

E 

0 

0 

0.3 

0.642 

0.7 

1.882 

o.« 

0.323 

0.394 

1 

0.868 

2 

0.1 

0.488 

0.8 

1.170 

0.069 

3 

O.lt 

0.8 

0.6 

1.383 

0,1 

0.171 

0.633 

1.41 

Fig,  11,3,  Curve  of  inte¬ 
gral  probability.  where  Sq  and  b^  —  semlmajor  and  semiminor 

axes  of  any  ellipse.  On  the  basis  of  (11.5)  expressions  for  semiaxes  of  the  elllps 


will  be 


-  (11.7) 

Upper  sign  (-)  pertains  to  semiaxis  a^  (major),  lower  sign  (+)  pertains  to 
semiaxis  Pq  (minor). 

We  substitute  in  (11.7)  formula  (11.6),  and  after  transformations  we  obtain 


(11.8) 


Angle  7  between  the  major  axis  of  the  ellipse  2^^  and  the  meridian  is  deter¬ 
mined  from  (11.5)  expression 

(11.9) 

or 

^^_4-c-i^=r?TW.  (11. 9') 

For  two  radio  direction  finders  formula  (11.8)  for  calculation  of  semiaxes  of 
the  ellipse  of  probability  Is  simplified  and  takes  the  form 


where  ■  (Sg  ~  0^)  —  angle  of  intersection  of  bearings. 


(11.10) 


For  the  angle  of  orientation  of  the  major  axis  of  the  ellipse  from  (11.9)  we 


obtain 


-  tla29i^ 

CM  If  I 


(11.11) 


Knowing  a„  and  b„,  we  can  find  the  area  of  the  ellipse  of  probability: 


5taB«a^,B2>lfi(l  —  Pt) 


For  two  intersecting  bearings  the  area  of  the  ellipse  will  be 


(11.12) 


s.-a.ln(l-p.)^. 


(11.13) 


Using  formulas  (11.8)  and  (11.9')*  we  can  obtain  the  following  expressions 


for  semiaxes  of  the  ellipse: 


^  C  +  AIgt  * 
••  •  il  — 5lfT  * 


(11.1^) 


In  [11.7]  there  is  offered  a  graphical  method  of  determination  parameters  of 
the  ellipse  of  probability  using  a  special  plotting  board  and  formulas  (11.9)  and 
(11.14)  at  distances,  where  bearings  can  be  plotted  In  the  form  of  straight  lines 
(see  Table  12.1). 

The  method  Is  as  follows. 

Let  us  assume  that  as  a  result  of  plotting  bearings  we  have  found  the  center 
of  probability  0  (Fig.  11.4a).  Let  us  pass  to  0  from  the  point  of  location  of  the 
radio  direction  finder  (RDF)j  line  of  bearing  (RDF)jO  at  angle  to  meridian  OM, 

We  pass  a  second  line  (RDF)jK  at  angle  Oj  to  line  (RDF)^O.  We  place  at  0  a  trans¬ 
parent  plotting  board  with  rectangular  axes,  where  axis  OY  Is  matched  with  the  meridian 
at  0.  We  mark  the  points  a^  and  bj  of  the  Intersection  of  line  (RDF)jK  with  axes  OY 
of  the  plotting  board. 

From  Fig.  11.4a  It  follows  that 


OA-OI.  and 


Axes  OY  and  OX  on  the  plotting  board  have  scale  with  calibrations  — and 

1  W 

correspondingly,  where  In  the  denominators  are  lengths  In  the  scale  of  map 
being  used. 

Therefore,  readings  on  axes  of  the  plotting  board  will  be 
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iwi  cot 


9 

+ 

1 

» 

1 

» 

0  JUi 

: 

"Wttnpntri 

► 

• 

Fig.  11,4.  Principle  of  use  of 
a  plotting  board  for  determina¬ 
tion  parameters  of  the  ellipse 
of  probability:  a)  diagram  of 
plotting  on  map;  b)  form  of 
plotting  board. 


We  add  readings  on  axes  of  the  plotting 
board  for  all  radio  direction  finders.  Then 


where  A,  B,  and  C  correspond  to  formulas  (ll.J). 
Sign  for  B  is  shown  on  the  plotting  board. 

Finding  A,  B,  and  C,  it  is  possible  to  cal¬ 
culate  BiQt  and  7  from  formulas  (11.14)  and 
(11.9). 

The  plotting  board  Is  shown  in  Fig.  11.4b. 

It  is  possible  to  characterize  linear  error 
by  the  mean  quadratic  value.  In  this  case  It  Is 
called  by  circular  error  of  plotting  (R),  By 
definition 


(11.15) 


where  p  —  radius,  from  center  of  ellipse  of 
errors; 

cp  —  angle  of  radius  with  initial  line  of 
reading,  e.g,,  with  the  major  axis  of 
the  ellipse. 


Let  us  rewrite  (11,15)  in  the  form 


(11.15') 


where  6^^  and  Sg  —  conjugate  radii  of  the  ellipse  of  errors. 
Let  us  replace  in  (11.15')  (1.17) 

and  substitute  for  Sq,  bQ  expressions  (11.8).  Then 
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If  —  ln(l  -  -  1,  circular  orror  Is 


(11.17) 

Integral  probability  of  mean  quadratic  linear  error  for  aQ  ■  coincides 

with  Integral  probability  of  elliptic  error,  and  according  to  Pig,  11. 

-  63.2*. 

For  other  ratios  —  Integral  probability  of  circular  error  Increases  some- 
>,  0 

what,  and  as  0  It  Is  equal  to  685^. 

Below  there  are  given  values  of  Integral  probability  of  circular  error 

R  ^0  ^0 

(in  %)  for  various  ^  for  extreme  values  ;r—  ■  1  and  —  ■  0, 

"o  *0  0 


Table  11.2.  Integral  Probability  Rgj^pg  in  %  De- 

R  ^0 

pending  upon  and  ~ 

A/^  tt/N 


M 

X 

0.8 

0.8 

1 

1.8 

t 

1.8 

3 

i-. 

39 

81 

68 

16 

16 

09 

100 

10 

48 

88 

to 

It 

100 

For  two  radio  direction  finders  from  general  expression  (11,17)  for  Rq  we  have 


i^.0, 01745 


■  -t-  -  » 


(11.18) 


where  and  Og  are  expressed  in  degrees. 

Let  us  return  to  expressions  (11.2)  for  coordinates  of  the  center  of  prob¬ 
ability;  we  shall  find  a  method  of  calculating  them.  First  we  determine  the  point 
of  intersection  of  bearings  from  any  two  radio  direction  finders,  for  Instance, 
(RDF)j  (PDF)j^.  Equations  of  lines  of  bearings  we  obtain  from  Fig.  11.2: 


A+<xeof4i~fiiolb»0.  I 


(11.19) 


Coordinate  of  points  of  Intersection  of  bearings  from  (RDF)j  and  (RDF)|^  from 
(11.19)  will  be: 

‘  _ Aj— tj— Fitssli 


(11.20) 


Formulas  (11,23)  are  analogous  to  formulas  for  calculating  the  center  of 
gravity  of  masses  mjj^,  located  at  the  Intersection  points  of  lines  of  bearings. 

Thus,  coordinates  of  the  center  of  probability  Xq,  yQ  can  be  defined  as 
coordinate  of  the  center  of  gravity  of  the  figure  of  fixing  abcdef  ...  (Fig,  11.1), 
at  vertices  of  which  are  placed  masses  m^j^  (11.21),  characterizing  these  vertices. 

For  two  bearings  the  center  of  probability  coincides  with  the  point  of  Inter¬ 
section  of  bearings. 

For  three  radio  direction  finders  masses  of  vertices  of  the  fixing  triangle 
will  be; 


-  _  _  sill**,, _ •la**!, . 

or,  multiplying  numerators  and  denominators  by  Identical  factors.  It  Is  possible 
to  write  them  otherwise; 


Eyila*#!, 


efsla*«M 


(11,24) 


Cancelling  Identical  denominators  In  expressions  (11.24),  we  obtain  for  masses 


tin's, 


(11.25) 


4 

1 


4c* 


Pig.  11.3.  Construction  of  centers  of  prob¬ 
ability  with  three  radio  direction  finders. 
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Graphic  determination  of  the 
center  of  probability  for  three 
bearings  consists  in  finding  the 
point  of  Intersection  of  straight 
lines,  drawn  from  vertices  of  the 
fixing  triangle  so  that  opposite 
sides  are  divided  by  these  Ines 
into  segments.  Inversely  proportional 
to  masses  of  the  vertices,  adjacent 
to  sides. 

In  practice  we  usually  marie 
the  center  of  probability  intui¬ 
tively,  proceeding  from  the  position 


> 

A 


1 


that  the  sharper  the  angle  of  Intersection  of  bearings  at  a  vertex  and  the  smaller 
the  product  Dj  for  the  bearing  opposite  the  vertex,  the  more  one  should  be  removed 
from  this  vertex. 


a) 


rnoosM 

t ••  • 


. 

•  •  •  •  •  iA 


•r 


b) 


OOOO  ^  ^ 

^  ^  ^'\\^»^^ooOO  ^ 

^  O  ••  0\%%%%9OO  tP  ^ 

O  O  ••!••«•••«#  ^  - 

O  o  ^ 

<9  o  •  *  «  «••*%« 


Msum^^r 


%  ^  0  ^ 

%  % i ^  ^  ^  ap 

%  *  I  •  •  p  ^  0 
•  •  •  •  m  0  0 


f0»0%000 


—  y 


c) 


Fig.  11.6.  Construction  of  ellipses  of  probability  for  the  case  of  a 
mean  quadratic  error  of  2°  and  ■  505<:  a)  two  radio  direction 

finders;  b)  three  radio  direction  finders  at  vertices  of  right-angle 
triangle;  c)  three  radio  direction  finder  at  vertices  of  an  equilateral 
triangle. 


If  the  center  of  probability  Is  found  and  Aq,  b^  and  y,  are  calculated  It  Is 

possible  to  construct  the  ellipse  of  probability  graphically. 

In  Fig.  11.3  typical  examples  of  construction  of  centers  of  probability  are 
shown  for  the  case  of  three  radio  direction  finders,  located  at  points  K,  L,  M  where 


In  Fig.  11.6  0rs  given  constructed  ellipses  of  probability  for  several  cases 
of  distribution  of  radio  direction  finders  [11.6]. 

Calculations  of  the  center  of  probability,  dimensions  of  the  ellipse  of 
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probability,  and  orientation  of  the  major  axli  of  the  elllpae  are  given  for  the 
caae  of  flat  ground,  l.e.,  at  dlataneea  from  the  radio  direction  flndera  up  to 
500-800  km.  With  greater  dlataneea  It  la  neceaaary  t.o  allow  for  curvature  of  tho 
earth.  Equations  of  lines  of  bearings  must  be  modified  accordingly. 

If  the  lines  of  bearings  are  plotted  on  a  map  taking  Into  account  curvature 
of  the  earth  and  we  obtained  a  fixing  figure,  then  the  center  of  probability  and 
parameters  of  the  ellipse  (or  circle)  of  probability  can  be  calculated  by  the 
presented  theory  or  by  the  described  graphical  method. 


11.3.  Region,  Serviced  by  Two  Radio  Direction  Finders 

Let  ua  determine  boundaries  of  a  region,  within  which  linear  error  of  direction 
finding  with  required  probability  will  not  exceed  a  given  value.  The  area  Inside 
the  boundaries  of  this  region  Is  called  the  working  zone  of  two  radio  direction 
finders. 

For  s  given  probability  the  maximum  distance  at  which  an  object  of  direction 
finding  can  be  located  from  Its  most  probable  position.  Is  the  major  semlaxls  of  the 
ellipse  of  probability. 

Thus,  determination  of  the  region  of  direction  finding  for  a  given  maximum 
linear  error  Is  reduced  to  finding  the  region  where  the  major  semiaxis  of  the 
ellipse  does  not  exceed  the  given  linear  error. 

For  calculation  of  semiaxes  of  the  ellipse  of  probability  and  the  angle  of 
orientation  of  the  major  axis  In  the  case  of  two  radio  direction  finders  we  use 
formulas  (11.10)  and  (ll.il).  For  sloqpllficatlon  of  calculations  It  Is  conveniently 
to  Introduce  these  parameters  (Fig.  11.7)  t  9  -*  angle  between  median  Olf  of  line 
(RDF)j^,  (RDF)2,  connecting  the  direction  finders,  and  the  line  (1U}F)^(RDF)2;  ON  — 
length  of  the  median. 

Let  us  designate  (RDF)^(RDF)2  -  2D,  ON  -  m.  (RDF)^(RDF)2  called  the  goni- 
meter  base  of  the  two  radio  direction  finders. 

Area  of  triangle  (RDF)^0(RDF)2  la  determined  by  expression 


whence 


ifataa'-^slaT. 


(11.26) 


From  triangles  (RDF)^ON  and  (RDF)20N  it  follows  that 


(11.27) 


r. 
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I 


r  ■ 


Substituting  In  formulas  (11.10)  cxpreoolnno  (ll.ST))  and  (11. ?7)  And  Intro- 

duclng  designation  e  ■  we  obtain  the  followlnr,  equalltyt 

°1 


where 


Xl/J 

m 

)*««•? 

r.+«- 

i 

i 

7 

r.| 

[(^y+i](i+o. 

V— s-s-cMfO-o- 


(11.{?>1) 


From  expressions  (11.28)  It  follows  that  when  e  ■  90°  the  formula  for  the  semlma.jor 
axis  of  the  ellipse  takes  the  form 

when  (p  -  90°  and  •  o, 

*  ‘^1— .  (11.29) 

When  D  >  m,  and 

(I —./*•)  a— (11.50) 

when  m  >  D.  In  all  these  formulas  <j, 
and  are  expressed  In  radians. 

Vitien  q>  ■  90  and  m  ■  D«  l.e.,  the 
point  of  Intersection  of  bearings  is  at 
the  distance  of  a  semibase  (length  of  t; 
base  is  equal  to  2D)  from  both  radio  de- 
rectlon  finders,  then  from  (11.29)  It 
follows  that 

2|^~1n(t-P,)90 

and  the  ellipse  of  probability  turns  into  a  circle  with  ladius  2|r— lti(l  ~~Pt)9D. 

This  case  corresponds  to  minimum  linear  error 

c,^s2/-la(l~/’,)«D=0.035  /-ln(I -P,)*°D. 


Pig.  11,7,  Construction  of  the  ellipse 
of  probability. 
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T 


When  m  ■  2D,  l,e.,  for  a  point  belni;  an  identical  dlatance  from  both  radio  di¬ 
rection  finders,  equal  to  the  leni;th  of  the  base, 

«,-sr=1a<l 


Let  us  consider  methods  of  constructln/;  the  working;  zone  of  two  radio  direc¬ 
tion  finders. 

Let  U8  designate  the  maximum  permissible  linear  error  with  probability  **ell 
given  by  conditions  of  operation  by  Mi. 

The  condition  for  finding  the  woricing  zone  of  the  direction  finders  will  bo 
Sq  s  AL  for  the  given  values  of  %11*  and  D. 

We  Introduce  In  formula  (11.28)  such  a  parameter  Q  that 


In  this  formula 


Mrl 

li 

I’-. 

'■'-/PJ 

-‘It; 

(11.31) 


(11.32) 


when  0^-1  O2  ■  0; 


(11. JJ) 


when  o^  ■  0,  Og  ■  eo. 

For  given  M.  and  ^ell'  and  also  a,  e,  and  D,  for  the  considered  radio 
direction  finders  It  Is  possible  to  calculate  by  (11. 31)  Q,  which  depends  on  9,  e, 
and  Knowing  Q  and  e,  it  is  possible,  using  (11.32)  or  (11.3!3)*  to  calculate  the 
dependence  of  ^  on  9  and  to  obtain  Initial  data  for  construction  of  working  zones 
of  the  two  radio  direction  finders. 

For  construction  of  boundaries  of  the  working  zone  of  direction  finders  one 
should : 

—  to  line  (RDF)^(RDF)2,  connecting  the  radio  direction  finders,  pass  medians 
at  various  angles  q); 

—  on  medians  CA  plot  segments  m. 
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Obtained  final  polnta  of  nr^tilans  detemln<*  toundarlf^n  >>f  the  worklrw  r.'m*'  of 
dlractlon  finding’. 

If  e  ■  li  l.e,,  accuracies  of  both  radio  direction  flndern  arc  Mentl<‘al,  th'n 
bound'irlea  of  the  rone  are  oyaptetrlc  with  respect  to  the  pen*cndlcular  to  cent'  r 
line  (KDF)|(RDf)p|  tltcrefora«  for  anises  f  and  IHo^  -  p  we  obtain  one  and  tfie  valoe 
of  If  e  /  1,  l.e,,  nccuraclec  of  radio  direction  flndern  differ,  the  eurve  -  r 
the  working  cone  lo  asywHetrlc.  For  every  value  of  9  there  are  two  valueni  and 
tn,  bounding  on  two  sides  the  wnrklnr.  rone  of  direction  flndlnr.. 

To  facilitate  calculations  we  r.lve  Tables  11.3  and  11. of  values  of  Q  for 
various  *«>d  S  when  e  «  1  and  e  ■  2,  calculated  by  V.  V.  f.hlrRov  (11.2). 

During  construction  of  the  rofie  • 
unequally  exact  radio  direction  1 Inderr 
one  should  consider  that  (RDF)^  l  *.  the 
more  exact  radio  direction  finder  and 
that  angles  9  should  be  plotted  from 
C(IU)F)j. 

With  equally  exact  radio  dlreetlon 
finders  the  naxlmus;  range  uf  direction 
flndlnt^,  or  least  error  for  any  distance 
from  tr»c  middle  of  the  line  of  trie  r^nlv- 
meter  base,  Ic  obtained  alont!  the  per¬ 
pendicular  to  the  middle  of  the  line  of 
the  goniometer  base. 

It  Is  possible  to  construct  boundaries  of  the  region  of  the  working  zone,  pro¬ 
ceeding  iron  obtaining  on  the  boundary  of  region  of  the  given  mean  quadratic  linear 
error. 


Table  11.3.  Value  of  Parasieter  Q  for 
Case  of  Equally-Exact  Work  of  Direc¬ 
tion  Finders  (e  ■  l) 
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I.U 
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I.M 

IJ 

4.01 
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i.ti 

1.01 

i.n 
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T.tl 

3.01 

3.44 

3.40 
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1.4 

M.!* 

».47 

4.09 

1.40 

S.tl 

3.13 

IJ 

10.34 

T.lt 

•.37 

4.44 

4.00 

3.M 

Table  11.4.  Value  of  Parameter  Q  for  Case  e  ■  2 
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For  n«an  quadratic  linear  error  of  two  radio  direction  flndera  we  obtained 


If  we  expreoe  depending  upon  ■  and  9  (tee  FIr.  11.7 )•  for  ■  e 

the  fomula  for  will  take  forw  (11.3) 

^  t(w+By-“^»J((T)'+  •  J  • 

In  order  to  construct  the  boundary  of  the  cone  of  direction  flndln#r,  for  which 
■ean  quadratic  linear  error  Rq  will  not  exceed  a  given  value  AL,  l.e.,  R^  s  aL, 
we  uoe  the  series  of  curves  of  Fig.  11. 8,  on  which  there  are  depicted  dependence.*: 

Ro  - 

?o!T  ■  various  vslues  of  e.  Mlnlaun  error  le  obtained  at  point 

e  -  90°»  •  ■  0.7D,  where  ■  I09®,  •  0.052(jD,  0  In  degrees. 

Frequently  for  the  line  of  the  working  cone  of  direction  finding  we  take  two 
circles  with  radius  2D.  passing  through  direction  finders  (RDF)^  and  (RDF)^.  At 
all  points  of  these  circles  bearings  cross  at  angles  30^  (external  circle)  and  150^ 
(internal  circle). 

Calculation  shows  that  linear  error  for  boundaries  of  the  first  clrcunference 
in  its  central  part  is  approximately  equal  to  7a^  linear  error  for  boundaries 
of  the  second  circle  is  equal  to  2aQ 

In  Table  11.5  there  are  calculated  linear  errors 
fcr  the  central  part  of  circles  of  various  angles  of 
intersection  of  bearings. 

radio/ 

Zn  Fig.  11.9  there  are  constructed  for  two/dl- 

rectlon  finders  contours  of  zones  of  direction  finding 

on  the  boundary  of  which  there  is  observed  constant 

aaxlsiun  error  (a^  —  seaimajor  axis  of  the  ellipse  of 

probability)  or  constant  mean  quadratic  linear  error 

(Rf.  —  circular  error).  On  the  sasM  figure  there  are 
Fig.  11.8.  Dependences  of  ^ 

Rq  drawn  neighborhoods  of  constant  angles  of  Inter- 

on  w  for  various  values 

^  “  section  of  bearings  "  const). 

In  the  described  calculations  It  was  assumed  that  mean  quadratic  errors  of  the 
radio  direction  finder  kept  constant  within  limits  of  the  whole  zone  of  direction 


lA 
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for  Varlouf  Angltf 
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of  Zntorooetlon  of  Boftrlngo 


in» 
••Ml**  •t 

man  «•**••• 

m 

•a  Mi  iM 

a  mW  iM 

w  MW  tie 

•4  ‘ 

••/••aa# 

1 

f 

».4 

T.I 

II 

flndlnc.  In  fact  thooo  orroro  vary  with  dlotoneo«  and  whan  wa  allow  for  thla  eon- 

Xf  dlraetlon  finding  la  earrlad 
out  on  aadlun  and  long  wavaa«  tha 
■aan  quadratic  arrora  ara  leapt  approxl- 
aataly  eonatant  for  tha  whola  working 
saia.  Thara  ara  limiting  diataneas, 
bayond  which  direction  finding  bacoaaa 
unraliabla.  Tharafora«  aftar  con- 
Btructlon  of  tha  working  sona  by  aaan 
valuaa  of  aaan  quadratic  arror  ona 
ahould  akatch  around  aach  radio  direc¬ 
tion  findar  aaixtaua  raglona  of  direc¬ 
tion  finding,  bayond  which  direction 
finding  baeonaa  unaatli  factory,  and 
thua  cut  off  araaa  which  ara  bayond 
tha  boundariaa  of  thaaa  raglona. 

With  direction  finding  of  ahort 
waraa  ia  poaaibla  to  apeak  of  varying 
angular  aaan  quadratic  arror  at  varioua  dlataneaa  from  tha  radio  direction  findar. 

Noat  aiapla  will  be  tha  following  charactariatic  of  direction  finding! 

—  at  a  certain  radlua  r  direction  finding  la  iapoaaibla  (cone  of  ailanca)i 

—  at  dlataneaa  froa  r  to  radio  direction  findara  woric  with  reduced  accuracy 
eharaetaritad  by  o'  (cone  of  ataaply  incident  waraa )| 

—  at  dlataneaa  from  to  radio  direction  findara  work  with  noraal  accuracy, 
eharaetaritad  by  o". 

With  aueh  aaauaptiona  for  dataraination  of  tha  raglon  eovarad  by  two  radio  dl- 
raetion  findara  it  la  naeaaaary  to  eonatruet  sonaa  of  direction  finding  for  tha 
following  conditional 


at  motion  ia  eonaidarably  eoaplieatad. 


(«,) 

l|fW«  •r 

liMt  tr  WiWm  Vf 


Fig,  11,9*  fonaa  of  radio  direction  finding 
for  two  radio  direction  findara. 
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1)  both  rodlo  dlrtetlon  flndtr  work  with  Idontleal  Aecuracy  9*1 

2)  both  rodlo  dlrtetlon  flndtr  work  with  Idtntleal  teeurtey  0**1 

7)  first  dlrtetlon  flndtr  hM  aeettrtey«  ehdrsetorlstd  by  9*1  snd  tht  stcond, 
ehsrsettrlrtd  by  o"i 

t)  first  radio  dlrtetlon  flndtr  hM  teeursey  o**|  snd  tht  steond«  seeurscy  9*. 

Furthtmortf  It  Is  ntetssnry  to  eonstruet  elrelos  with  rsdlus  r  snd 
sspsrstlnf  sonts,  within  whleh  dlrtetlon  finding  Is  Is^osslblt, 

As  s  result  of  sueh  eonstruet  Ion  wt  obtain  s  rsflon  of  eoapltx  outline «  some- 
tints  tnbreelnf  stvtrsl  stetlons«  net  Inttreonnsetsd,  Zndlvlduel  eunres  of  sreo« 
bounding  the  rtglon«  Inttrsset  at  aeutt  or  obtuse  angles,  l.t.,  there  Is  not  s  smooth 
transition  of  one  eurvt  Into  the  other.  This  Is  caused  by  the  fset  that  there  la 
allowed  intermittent  change  of  eondltiona  of  dlrtetlon  finding.  Zn  reality  condl- 
tlMis  of  dlrtetlon  finding  vary  aaoothlyi  this  pemita  us  after  construction  to 
somewhat  round  sharp  tranaltlMis  of  one  curve,  bounding  the  working  tone  of  direction 
finding.  Into  another. 

When  situating  a  group  of  radio  direction  finders  for  servlelng  a  certain  region 
It  la  necessary  to  take  Into  account  requirements  of  obtaining  permissible  linear 
error  and  normal  passage  of  radio  waves  from  the  regions  to  radio  direction  finders. 
Por  more  on  slt\tatlng  of  a  group  of  radio  direction  finders  see  [11. 1]. 


